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Structural development and classification of western 
redcedar (Thuja plicata Donn.) stands in northwestern 
Montana (14 Op.) 
Director: Kevin L. O'Hara Mo 
Plots from 76 western redcedar (Thuja plicata Donn.) 
stands in northwestern Montana were used to develop a set of 
decision rules to assign stands to one of Oliver's (1981) 
four stages of stand development. Stands were qualitatively 
classified into developmental stages; then discriminant 
analysis was used to evaluate predictability of the 
classification for several variables. The variable canopy 
cover (stratified by size class and life form) successfully 
classified 93 percent of the stands. The discriminant 
function was applied to a separate dataset with samples 
representing a variety of habitat types from a broad 
geographical range (northern Idaho and western Montana). 
The results indicate that this classification has the 
potential to correctly classify similar types of forest 
stands with an accurracy level of 88 percent. 
The process of stand development during the first 20 years 
following disturbance in western redcedar stands was 
examined using the classified stands. A hierarchical 
stratification of stands based on structure, disturbance 
type and severity, and time since disturbance was used to 
compare structural and floristic similarities of treated and 
untreated stands. Predisturbance stand structure and 
species composition, disturbance type, and severity of 
disturbance appear to be the major factors affecting the 
postdisturbance response of stands. Harvested and burned, 
and harvested and unburned stands were used to illustrate 
potential pathways and rates of development following a 
stand replacement event. 
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CHAPTER 1 
INTRODUCTION 
Structure of single and mixed species forest stands has 
been used by Oliver (1981) to describe the process of stand 
development. This approach can provide a framework for 
qualitative assessments of temporal and spatial changes in 
vegetation patterns across the landscape. The primary 
components of this framework include: 1) the competitive 
interactions among individual members of a stand for 
occupancy of growing space over time; and, 2) the intensity 
and frequency of autogenic and allogenic disturbances that 
release previously occupied growing space. These 
interrelated components interact with the abiotic features 
of the landscape to create an abundance of stand structures. 
The four stages of stand structure defined by Oliver (1981) 
are related to: 1) the initial occupancy of a site following 
a stand replacement disturbance event (stand initiation); 2) 
a period of increased competition for growing space (stem 
exclusion), 3) establisment of new members following 
periodic releases of previously occupied growing space 
(understory reinitiation); and 4) replacement of original 
stand members over time (old growth). Each developmental 
stage proceeds at varying rates. Factors that can affect 
the stuctural appearance and rate of development are species 
composition, the interactions between species, density 
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(i.e., trees per unit area), and disturbance events. 
Many ecosystem processes (e.g., nutrient cycling, 
movement of plant and animal species, fire) are affected by 
the structural attributes and patterns of vegetation on the 
landscape. Assessment of various ecosystems often requires 
quantitative evaluations of vegetation composition and 
structure and rates of change in order to describe historic, 
current, and future conditions. However, traditional 
quantitative measurements of stand structure do not address 
the biological process of stand development (O'Hara and 
Milner, 1994). The objective of this study is to quantify 
stand structure as it relates to the process of stand 
development. 
The first objective was to determine if Oliver's (1981) 
four stages of stand structure could be quantified. A 
decision-based method of classifying forest stands into 
structural stages was developed for several stands of 
western redcedar (Thuja plicata, Donn.) in northwestern 
Montana. The classification was tested with discriminant 
analysis using several variables (Dillon and Goldstein, 
1984). The variables (i.e., canopy cover, density, height, 
and age) were stratified by size class (i.e., seedling, 
sapling, pole, medium, large, and very large), life form, 
and shade tolerance groups. The resultant classification 
was then applied to stands in a variety of forest habitat 
types across northern Idaho and western Montana. 
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A second objective was to examine some of the factors 
that contribute to the process of stand development. 
Factors considered included predisturbance stand structure 
and species composition, disturbance type and severity, time 
since disturbance, aspect, and soil rooting depth. Treated 
(i.e., harvested and burned, and harvested and unburned) and 
untreated (i.e., control) stands within the western redcedar 
series (Pfister and others, 1977) were used to describe 
structural and floristic trends within the first 20 years 
following disturbance. Similarity tests (Gauch, 1982) and 
descriptive statistics (Mueller-Dombois and Ellenberg, 1974) 
were used to compare predisturbance and postdisturbance 
attributes. Structural and floristic descriptions were used 
to illustrate potential developmental pathways for each 
structural stage and disturbance type. 
STUDY AREA 
This study area was located on the Ninemile and 
Superior Ranger Districts of the Lolo National Forest 
(Figure 1). The Lolo National Forest lies on the western 
slope of the Rocky Mountains in northwestern Montana. 
Landforms within the study area vary from steep alpine 
ridges to dissected stream breaklands (USDA Forest Service, 
1989). Deeper soils that support productive forests occur 









Figure 1. Vicinity map of northwestern Montana and boundary of study area. 
Thla pofllonof th« lolo National Foraat 
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slopes. Elevations range from 1,097 meters (3,600 feet) at 
the South Fork of Fish Creek to 1,623 meters (5,324 feet) at 
Mt. Schely (Ninemile District) and 2,229 meters (7,312 feet) 
at Ward Mountain (Superior District). High elevation, ash 
soils (Andic Cryochrepts, Entic Cryandepts) are common on 
these mountain slopes. Average annual preciptation ranges 
from about 38 centimeters (15 inches) in the Missoula Valley 
to 254 centimeters (100 inches) plus at higher elevations 
(USDA Forest Service, 1989). Major vegetation series within 
the study area include Psuedotsuga menziesii (Douglas-fir), 
Abies lasiocarpa (subalpine fir), Thuja plicata (western 
redcedar), Abies grandis (grand fir), and Picea engelmannii 
(Engelmann spruce) (Pfister and others, 1977). Forest 
health, timber harvesting, watershed protection, wildlife 
habitat, and recreation are major resource concerns within 
the study area (USDA Forest Service, 1986). 
Historically, fires burned across large areas of the 
study area landscape. The most recent, major stand 
replacing events occurred in 1889, 1910, and 1914 (Losensky, 
1994). This area has been protected from natural fires 
since about the 1930's. The arrival of settlers in the 
early to mid-1800's and the establishment of the railroad 
encouraged such land uses as logging, mining, and livestock 
grazing. Early documentation by US Forest Service personnel 
(USDA Forest Service, 1937) referred to timbered lands as 
predominately young forests with patches of mature trees. 
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The best commercial timber was described as mature pines in 
the "white pine belt". These stands of "white pine forests" 
were actually a mix of serai species, that no longer 
dominate the current landscape within the study area. The 
decline of serai species such as western larch (Larix 
occidentallis Nutt.), lodgepole pine (Pinus contorta 
Dougl.), and western white pine (Pinus monticola Dougl.), 
has been associated with selective logging, raining, white 
pine blister rust (Cronartium ribicola Fisch.) mortality, 
insects such as Douglas-fir beetle (Dendroctonus pseudotsuga 
Hopkins), and protection from wildfire (Graham, 1990). 
Current vegetation of the mid-elevation mountain slopes (the 
white pine belt) is dominated by Douglas-fir (Psuedotsuga 
menziesii var. glauca (Mirbel) Franco), western redcedar, 
grand fir (Abies grandis (Dougl.) Lindl.), and subalpine fir 
(Abies lasiocarpa (Hook.) Nutt.). Emergent trees (i.e., 
individuals that are taller than other trees in a mixed 
species stand) are primarily western larch, ponderosa pine 
(Pinus ponderosa Dougl.), and a few western white pine. 
SAMPLING METHODS 
A paired-plot sampling design following Arno and 
others (1985) was used to determine differences in 
vegetation response following harvest. This approach to 
sampling "treated" and "untreated" stands minimizes: 1) site 
variability; and 2) differences in stand history prior to 
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treatment (Zamora, 1982). 
Field reconnaissance focused on locating paired plots 
immediately adjacent to each other. Selection of paired 
plots was based on defining the population using the 
following criteria: 1) western redcedar series as defined by 
Pfister and others (1977); 2) control and treatment stands 
could accomodate the placement of a 0.04 hectare (0.1 acre) 
plot without being influenced by ecotones or stand edges; 3) 
potential sampling areas for each paired plot were 
relatively homogeneous with respect to slope position, 
shape, and aspect; 4) minimal human disturbance within the 
control stand (evidence of historic selective logging was 
present in some stands); and 5) treatment plots had been 
harvested (e.g., clearcut, seed tree) and burned (i.e., 
broadcast burned), or harvested and not burned. 
Sampling macroplots were located in areas of the stand 
that met the definition of the sample population. Plot 
placement was systematically determined without preconceived 
bias (Mueller-Dumbois and Ellenberg, 1974). For example, 
given that the selection criteria were met, a starting point 
within the sample population was identified. Plot center 
was located by measuring a distance of 9.1 meters (30 feet) 
from the starting point in a direction away from the control 
stand. The macroplot design for nonreplicated sampling 
consisted of a 11.4 meter (37.4 foot) radius circular plot 
(0.04 hectare or 0.1 acre). A 20.1 meter by 20.1 meter (66 
8 
feet by 66 feet) square macroplot was used for replicated 
measurements (this macroplot was superimposed on the 
circular macroplot in order to gather density data for tree 
seedlings). This was accomplished by measuring the 
necessary distance from plot center 10.1 meters (33 feet), 
and placing a 20.1 meter (66 foot) length baseline parallel 
to the contour of the slope. A total of 5 transects were 
located perpendicular to the baseline (USDA Forest Service, 
1993). Figure 2 provides a diagram of the circular 
macroplot design and the replicated transects. The starting 
point of each transect was determined randomly. Each 
transect was 20.1 meters (66 feet) long and usually 1.2 
meters (4 feet) in width. However, transects with high 
seedling densities were reduced in width. 
Standard data collection procedures described in the 
Ecosystem Inventory and Analysis Guide (USDA Forest Service, 
1993) were used to measure vegetation, soil, and general 
site attributes. Information collected within the 
macroplots included: 1) vascular plant, moss, and lichen 
species; 2) tree characteristics; 3) conifer seedling 
densities; 4) site characteristics; 5) soil pedon 
descriptions; and 5) disturbance history. 
Plant species within the macroplot were identified to 
species level following the nomenclature of Dorn (1984). 
Species missing floral parts were identified to the genus 
level. Average heights were recorded in 0.3 meter (1 foot) 
Up Slope 









20.1 meters (66 ft) 
Baseline 20.1 meters (66 feet) 
Figure 2. Circular macroplot and transect sampling design adapted 
from the Ecosystem Inventory and Analysis Guide (USDA Forest 
Service, 1993). The circular macroplot is 0.04 hectare (0.1 acre) 
In size. Plot radius Is 11.4 meters (37.4 feet). Transects are 
located with a random starting point perpendicular to the 
baseline (transect and baseline lengths are 20.1 meters or 66 feet). 
The baseline is placed 10.6 meters (33 feet) from plot center 
perpendicular to the slope. 
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increments (species less than 0.15 meters or 6 inches) tall 
were recorded as zero height). For example, individuals 
greater than or equal to 0.15 meters (6 inches) and less 
than 0.46 meters (18 inches) in height were recorded as 1 
foot, individuals greater than or equal to 0.46 meters (18 
inches) and less than 0.76 meters (30 inches) were recorded 
as 2 feet. 
Visual estimates of canopy cover were determined for: 
1) individual species; 2) tree and shrub size classes by 
species; and 3) life form groups (tree, shrub, forb, 
graminoid, fern, moss). ECODATA (USDA Forest Service, 1993) 
codes and size classes were used for recording canopy cover 
(percent) by shrub (height) and tree (diameter) classes 
(Table 1). 
Tree data were recorded by species and size classes. 
Pole and larger trees were grouped by 10.16 centimeter (4 
inch) size classes. Seedling and sapling trees were grouped 
by 2.54 centimeter (1 inch) size classes. Data collected 
included: 1) number of individuals; 2) diameter at breast 
height (dbh); and 3) age and height of a representative tree 
for a particular species size class. Tree diameters were 
measured at breast height (i.e., typically 1.4 meters or 4.5 
feet from the surface of the organic layer) on the uphill 
side. Tree ages were obtained by using an increment borer 
at breast height (i.e., on the uphill side) for pole and 
larger sized individuals. Sapling ages for some species 
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Table 1. Canopy cover (percent), shrub (height), and tree 
(diameter at breast height) classes used in ECODATA sampling 
methods (USDA Forest Service, 1993). Height and diameter at 
breast height (dbh) measurements are presented in metric 
units (meters), with U.S. equivalents (height in feet, dbh 
in inches) in parentheses. 
CANOPY COVER (percent) SHRUB (height) 
Class Range Class Range 
1 < 01 LOW < 0.76 (< 2.5) 
3 > 01 - < 05 MEDIUM > 0.76 - < 1.98 (z 2.5 - < 6.5) 
10 05 - < 15 TALL > 1.98 (> 6.5) 
20 > 15 - < 25 
30 > 25 - < 35 TREE (dbh) 
40 > 35 - < 45 Class Range 
50 > 45 - < 55 SEEDLING < 0.03 (< 1) 
60 ^ 55 - < 65 SAPLING > 0.03 - < 0.13 (> 1 - < 5) 
70 > 65 - < 75 POLE > 0.13 - < 0.23 (> 5 - < 9) 
80 > 75 - < 85 MEDIUM > 0.23 - < 0.53 (> 9 - < 21) 
90 > 85 - < 95 LARGE > 0.53 - < 0.84 (2•. 21 - < 33) 
98 > 95 - 100 VERY LARGE > 0.84 (> 33) 
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were determined by counting whorls when annual growth whorls 
were readily visible. Western redcedar sapling ages were 
obtained by boring near the base. Trees with decayed 
centers, were aged up to the point of rot. Typically these 
indiviual trees had ages greater than 200 years. Tree 
heights were measured with a clinometer and recorded to the 
nearest foot. Conifer seedling densities were obtained by 
counting the number of individuals per species rooted within 
the 5 transects. 
Soil pedon descriptions were made for each paired plot 
to ensure uniformity of site potential. This was 
accomplished by digging a minimum 0.6 meter (2 foot) square 
pit to a depth of 50 to 100 centimeters (20 to 40 inches) at 
plot center. Soil horizon features recorded included: 1) 
thickness of organic and mineral horizons (inches); 2) 
texture; 3) rock content (i.e., visual estimate of percent 
by volume), and 4) root biomass (depth to which 
approximately 80 percent of visible root biomass was 
observed). 
General site characteristics described for each plot 
included: 1) azimuth in degrees; 2) slope in percent; 3) 
elevation in feet; 4) location (township, range, and 1/4 1/4 
section); 5) landform (e.g., glaciated mountain slope, 
valley bottom); 6) plot position (e.g., mid slope, ridge 
top); and 7) habitat type (USDA Forest Service, 1993). 
Treatment history for harvested stands was recorded by 
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harvest type and time since disturbance. Burn severity was 
evaluated for sites which had been broadcast burned 
following harvest. Severity ratings were modified from 
Keane (1987), and were defined as: 1) HIGH - many areas of 
exposed soils, stumps partially consumed and most charred on 
top, and many large fuels consumed; and 2) MODERATE - burn 
pattern uneven, most fine fuels consumed and some larger 
fuels partially consumed, some stumps charred but primarily 
on the sides. A low burn severity class was not utilized in 
this study because it is necessary to make this assesment 
within a relatively short period of time following a burn 
(i.e., no stands were sampled that were less than one year 
since disturbance). The occurrence of historic fires was 
inferred from the presence of fire-scarred trees in the 
control stand or charcoal remains in the organic or mineral 
soil horizons. Time since disturbance and burn severity for 
historic fires was not recorded, as this information would 
have required data collection beyond the scope of this study 
(e.g., fire scar sampling, fire chronologies). 
CHAPTER 2 
CLASSIFICATION OF STRUCTURAL STAGE DEVELOPMENT 
INTRODUCTION 
The process of even-aged (or single-cohort) forest 
stand development has been described by Oliver (1981) as 
proceeding through four broad structural stages: stand 
initiation, stem exclusion, understory reinitiation, and old 
growth. These four stages are primarily differentiated by 
stand structure and usage of growing space. Stand 
attributes such as vertical stratification, species 
composition, density, size class, and crown closure can be 
used to describe stand structure (O'Hara and Milner, 1994). 
Individual tree characteristics including canopy cover, 
diameter (dbh), height, age, and crown class, can also be 
used to describe the general appearance of a forest stand 
and contribute to stand structure (O'Hara and Milner, 1994). 
Some of the processes that affect stand structure include 
species competition for available growing space (i.e., 
concept of limiting factors), disturbance type (e.g., fire, 
wind, herbivory, pathogens, timber harvesting), frequency 
and intensity of disturbance, seed dispersal mechanisms, and 
vegetative reproductive strategies. The interaction of 
these processes with the physical features of the site 
(e.g., aspect, elevation, geomorphology) influence the 
14 
structure of a forest stand. 
The purpose of this study was to determine if Oliver's 
(1981) four structural stages could be quantitatively 
classified based on attributes used to describe the physical 
appearance of a stand. The overall goal was to develop a 
quantified classification for structural stages for 
descriptive as well as predictive purposes. 
One objective of this study was to classify and 
describe structural stages using existing data for stands 
sampled within the western redcedar series. This 
information was needed to test a hypothesis concerning the 
influence of stand structure and composition on post-
disturbance stand development (Chapter 3). 
A second objective was to determine if the same 
variables used to classify the western redcedar stand 
structure could be used to predict stand structural stages 
for a variety of habitat types. The ability to predict 
structural stages would facilitate broad scale analysis at 
multiple levels (e.g., regional, subregional, watershed, 
stand) (Turner and others, 1994). This type of information 
could possibly be used as a basis for: 1) comparing past 
and present landscape composition and structure patterns; 2) 
coarse scale interpretations of landscape processes and 
functions; 3) input to models used to predict probability of 
future changes related to stand development, and risk of 
disturbance events; and 4) current interpretations of stand 
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conditions related to treatment (e.g., thinning, stand 
improvement, prescribed fire). 
A third objective was to minimize the number of 
variables needed to develop the classification. This would 
promote application of the structural classification to 
other available data sources (e.g., federal and state 
agencies). The increased applicability would facilitate 
interpretation of vegetation structure and patterns over a 
larger geographic area. Therefore, it was critical to 
identify common database attributes and minimize the number 
of variables required for predicting structural stages. 
Additionally, selection of variables that were easy to 
measure in the field would minimize future inventory costs. 
METHODS 
Analysis was centered around testing a null hypothesis 
that Oliver's (1981) descriptive stages of stand development 
cannot be quantified. To test this hypothesis a structural 
stage classification for conifer trees was developed. Data 
from 76 sites sampled within the western redcedar series 
(Pfister and others, 1977) were used to quantify structural 
characteristics of the 4 developmental stages: stand 
inititiation (INIT), stem exclusion (STEM), understory 
reinitiation (UNDR), and old growth (OGRO). Sampling design 
and data collection procedures are described in Chapter 1, 
Sampling Methods. 
A second, independent data set of 283 plots was used to 
test the classification. These data were selected from the 
U.S. Forest Service, Region 1 ECODATA database (Jensen and 
others, 1994) and were collected during 1992 and 1993 as 
part of the Region's effort designed to inventory existing 
vegetation across northern Idaho and western Montana (Hann, 
1994). This information provided a broad sample 
representative of several habitat types ranging from the 
warm-dry series to the upper-alpine series, and a variety of 
structural stages. These data contained the same variables 
(i.e., canopy cover, density, age, and height) as the 
western redcedar dataset used to develop the classification. 
The ECODATA plot data were first displayed in a 
synthesis table and sorted by life form (i.e., tree) cover 
and size class (Table 1) (Mueller-Dumbois and Ellenberg, 
1974). Tree species included western redcedar, grand fir, 
Engelmann spruce (Picea engalmannii Parry), subalpine fir, 
mountain hemlock (Tsuga mertensiana (Bong.) Carr.), Pacific 
yew (Taxus brevifolia Nutt.), Douglas-fir, western white 
pine, ponderosa pine, western larch, and lodgepole pine. 
Plots with similar cover values by size class were 
initially grouped using a supervised method (i.e., 
subjectively assigned) into 4 potential structural stages. 
The stand initiation (INIT) stage was identified by lower 
canopy cover values (less than 30 percent) for size classes 
pole and greater. Cover values greater than 30 percent in 
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the large and very large size classes were placed in the old 
growth (OGRO) group. Plots assigned to the stem exclusion 
(STEM) stage had a dominance of cover in the pole and 
sapling size classes. The understory reinitiation (UNDR) 
group did not exhibit a dominance of cover for any one size 
class. Plots were assigned to the UNDR group if cover was 
well distributed over most size classes and the cover of 
shrubs (i.e., medium and tall shrubs) was greater than 20 
percent. These groupings were then used to develop a 
dichotomous key for structural groups based on canopy cover 
and size class. 
Multiple discriminant analysis was conducted to 
evaluate plot assignments (i.e., based on the dichotomous 
key) using the SYSTAT software DISCRIM program (Wilkinson, 
1989). The independent variables were COVER for each of the 
6 size classes: seedling, sapling, pole, medium, large, and 
very large trees. This variable COVER incorporates vertical 
layering for all species in that size class. Predicted 
group membership was compared to the original group 
assignments from the dichotomous key. Plots were reassigned 
to a new group if the predicted membership appeared logical 
based on review of the plot data. For example, all plots 
that were predicted to belong to a different group from the 
original assignment were carefully reviewed (i.e., plot 
photographs, raw data, plot comment sheets). Plot 
assignments that provided a more logical group membership 
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were reassigned to the new group. This rearrangement 
primarily affected plots that were misclassified due to the 
structure of the dichotomous key. It is important to note 
that the purpose of the dichotomous key was to provide a 
standardized method for assignment of plots into initial 
groups based on the observed trends. Dichotomous keys are 
relatively inflexible when applied to data that characterize 
a continuum (i.e., the dynamics of stand development is a 
continuous process). Therefore, a moderate degree of error 
in group assignment was assumed. 
This step helped refine group definitions for each 
structural stage. Adjusted groups were again tested using 
multiple discriminant analysis for the same independent 
variables (i.e., COVER by size class). The group 
assignments from the adjusted supervised classification were 
retained for each plot. This classification was then used 
as a basis for evaluating the usefulness of additional 
independent variables as predictors. 
Tree species were stratified into two groups: ALL 
SPECIES, and TOLERANT/INTOLERANT. The ALL SPECIES group 
includes the 11 species present on the plots sampled. The 
TOLERANT/INTOLERANT group was divided into: 1) shade 
tolerant (TOLERANT) species (i.e., western redcedar, grand 
fir, Engelmann spruce, subalpine fir, mountain hemlock, and 
Pacific yew); and, 2) moderately shade intolerant and shade 
intolerant (INTOLERANT) species (i.e., Douglas-fir, western 
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white pine, ponderosa pine, western larch and lodgepole 
pine) (Baker, 1950; Minore, 1979). 
Variables tested for each species composition group 
include COVER, DENSITY, HEIGHT, and AGE by size class. Thus 
for the ALL SPECIES group this created 4 separate sets of 
variables, each set having 6 independent variables (XI 
through X6). For example, the variable set for COVER had 
seedling cover (XI), sapling cover (X2), pole cover (X3), 
medium cover (X4), large cover (X5), and very large cover 
(X6). The variable set for the TOLERANT/INTOLERANT group 
included 12 independent variables: 6 size classes for the 
TOLERANT and 6 size classes for the INTOLERANT species. 
Average values for DENSITY (number of trees per 0.04 
hectare or 0.1 acre), AGE (years), and HEIGHT (feet) were 
calculated on a plot basis. Plots with missing values were 
not included in the sample for that particular variable. If 
a tree age was not available (i.e., due to the presence of 
rot for example) then that plot was removed from the sample 
for the variable AGE. Thus, sample size differs for these 3 
variables (DENSITY=73, AGE=54, HEIGHT=66). COVER values for 
the TOLERANT/INTOLERANT group are presented as an index 
(i.e., relative percent of total canopy cover) rather than 
an average. These values do not account for vertical 
layering among species or size classes. Sample size for 
COVER represents all plots sampled as there were no missing 
values (N=76). Each set of variables was then tested 
21 
against the classification using discriminant analysis. 
Variables ELEVATION (feet), ASPECT (degrees), and SLOPE 
(percent) were evaluated for predictability of stand 
structure. These variables were independently tested for 
accuracy of prediction of the same group assignments 
compared with those in the supervised classification 
mentioned previously. 
The last step of the analysis focused on testing the 
predictability of the classification. Cross-validation or 
jacknife tests are commonly used to test the validity of an 
analysis (Kleinbaum and others, 1988; Dillon and Goldstein, 
1984). Both methods are based on the principle of "sample 
re-use" (i.e., subsets of the original data set are used for 
testing purposes) (Gittens, 1985). Another method for 
asssessing the success of a classification can be 
accomplished with an independent data set. The Region 1 
ECODATA database (Jensen and others, 1994) provided the data 
to perform such an independent test. 
The independent test data set was stratified into 3 
temperature and moisture groups: HIGH (cold/moist), MID 
(warm/dry), and LOW (hot/dry). These groupings reflect the 
position of the series on a temperature-moisture gradient 
(Pfister and others, 1977). Series placed in the HIGH group 
included whitebark pine, whitebark pine-subalpine fir, and 
subalpine fir-whitebark pine. The MID elevation group 
includes subalpine fir, western hemlock, western redcedar, 
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grand fir, mountain hemlock, and Engelmann spruce. LOW 
elevation contains the Douglas-fir and ponderosa pine 
series. A complete listing of habitat types for the 
validation dataset is provided in Appendix A. 
RESULTS and DISCUSSION 
The dichotomous key constructed from the supervised 
classification (Figure 3) was used to assign individual 
plots to one of the four structural stage groups. The the 
group sample sizes (N) for structural stage assignment were: 
INIT N = 38, STEM N = 15, UNDR N = 16, and OGRO N = 7. 
Plots that appeared to be outliers (i.e., transitory between 
stages) were assigned to the group which appeared to provide 
the best fit. 
A total of 8 plots were reassigned to new groups from 
the multiple discriminant analysis. The STEM group had 4 
plots moved to UNDR and 1 to the INIT group, 2 plots from 
UNDR were reassigned to STEM, and 1 OGRO plot was moved to 
UNDR. Adjustments were made to the dichotomous key (Figure 
4) to reflect the improved group definitions (i.e., the STEM 
and UNDR group definitions were refined). These adjustments 
produced an acceptable classification and no further 
adjustments were made. Group membership for each stage was 
tallied at N = 39 for INIT, N = 12 for STEM, N = 19 for 
UNDR, and N = 6 for OGRO. 
Based on final group definitons, the next task was to 
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1. Tree cover (sum) for large and very large trees 
greater than 30 percent and the sum of sapling 
and pole sized tree cover less than or equal to 
50 percent OGRO 
la. Tree cover not as above 2 
2. Cover for tree size pole and larger less than 20 
percent INIT 
2a. Tree cover not as above 3 
3. Tree cover (sums) of sapling and pole greater 
than or equal to 50 percent STEM 
3a. Tree cover not as above and shrub (greater 
than 0.76 meters or 2.5 feet in height) cover 
greater than 20 percent UNDR 
Figure 3. The dichotomous key used in the initial 
structural stage classification of westeren redcedar stands. 
Structural groups are: INIT (stand initiation), STEM (stem 
exclusion), UNDR (understory reinitiation), and OGRO (old 
growth). 
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1. Tree cover (sum) for large and very large trees 
greater than 30 percent and the sum of sapling 
and pole sized tree cover less than or equal to 
50 percent OGRO 
la. Tree cover not as above 2 
2. Cover for tree size pole and larger less than 20 
percent INIT 
2a. Tree cover not as above 3 
3. Tree cover (sums) of sapling and pole sized trees 
greater than 50 percent, with seedling cover less 
than 10 percent and/or the sum of large and very 
large tree cover less than 10 percent STEM 
3a. Tree cover not as above UNDR 
Figure 4. The adjusted dichotomous key used in the final 
structural stage classification of westeren redcedar stands. 
Structural groups are: INIT (stand initiation), STEM (stem 
exclusion), UNDR (understory reinitiation), and OGRO (old 
growth). 
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identify the variable that produced the best classification. 
Multiple discriminant analysis techniques were used to 
determine predictive efficacy of the independent variables. 
The following systematic approach was used to identify the 
best variable: 
1. A check of the data was made to ascertain if the 
basic assumptions of the multiple discriminant 
methodology were being met. 
2. Multiple discriminant analysis was applied to each 
set of independent variables. 
3. Group mean scores were examined to determine if 
significant differences existed between groups. 
4. Success of the classification and degree of error 
(misclassification) were evaluated. 
5. The individual contribution of predictor variables 
to the overall discrimination was determined. 
The procedures outlined above are critical to 
understanding how the discriminant function operates. This 
understanding facilitates an ecological interpretation of 
the classification which is the primary objective of the 
analysis. The following discussion presents the statistical 
results and ecological interpretations relative to the 
discriminant functions and the classification. 
Discriminant analysis as described by Dillon and 
Goldstein (1984) is a statistical technique for classifiying 
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individuals into "mutually exclusive and exhaustive groups" 
on the basis of a set of independent variables. This 
approach involves derivation of linear combinations of the 
independent variables that will discriminate between the a 
priori defined groups in such a way that the 
misclassification error rates are minimized. This is 
accomplished by maximizing the between-group variance (i.e., 
difference between group means) relative to the within-group 
variance (i.e., independent variables have similar 
dispersion patterns across groups). The optimality of the 
approach is conditional upon meeting certain assumptions. 
These assumptions include: (1) multivariate normality of the 
predictor variables; and (2) equal variance-covariance 
matrices in each of the groups. 
Normality of the independent variables were visually 
assessed by construction of probability plots. Moderate 
departures from the normality assumption occurred where 
zeros or extreme values were present. This condition is not 
considered a violation of the normality assumption (Legendre 
and Legendre, 1983). Another item related to the concept of 
normality is the binomial nature of the variable COVER 
(i.e., recorded as percent cover). Percentages are known to 
behave like a binomial distribution (i.e., this is a 
violation of the independence rule between the mean and 
variance). The percentage data for the COVER variables were 
transformed to unitless values with the following equation: 
27 
[(arc sine)*(square root)*(.01 * X)]. The transformed data 
were analysed using the DISCRIM program (Wilkinson, 1989) 
and results compared to the unaltered COVER results. There 
was no difference between the two results. Thus, it was 
concluded that transformation was unnecessary for this 
analysis. 
In order to assess the second assumption, variance-
covariance matrices were examined to determine equality of 
variance across group variables. Greater than 50 percent of 
the group variables failed to satisfy the assumption of 
equal variances. This degree of departure affects 
optimality of the discriminant function by not allowing 
minimization of error rates (i.e., a greater number of cases 
may be misclassified) and misleading test statistics (i.e., 
significance of test results may be inflated) (Dillon and 
Goldstein, 1984). The presence of zeros or extreme values, 
and disproportionate sample sizes are the primary factors 
that cause this situation (Gilbert, 1969; Marks and Dunn, 
1974). A data set with equal sample sizes would correct the 
latter condition. However, the presence of zeros or extreme 
values cannot be changed. Absence or minimal representation 
(i.e., zero or low values) of a particular size class for 
one group and maximum representation (i.e., extreme values) 
for the same size class in another group are inherent to the 
structural stage definitions. For example, the INIT stage 
by definition (Oliver, 1981) rarely has appreciable amounts 
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of cover in the larger size classes. Large trees (i.e., 
emergents or relics), when present in the INIT stage, cause 
the problem of within group heterogeneity (i.e., a dominance 
of zeros and the presence of an extreme value). Group 
dispersion (i.e., the equal variance rule) problems occurred 
when size class variables (e.g., pole cover) were compared 
across groups (e.g., INIT and STEM). This situation can be 
observed in the variance-covariance matrix provided in 
Appendix B. For example, INIT has minimal cover values 
whereas STEM has maximum cover values (i.e., magnitude 
greater than 4) in the pole size class variables. 
The decision to proceed with the analysis under non-
optimal conditions was based on a firm understanding of the 
implications associated with group heterogeneity. In 
particular, the differences between group means may be 
minimized (i.e., the opposite occurs under optimal 
conditions), the associated test statistic significance 
rating is warped (i.e., implies that there is a greater 
difference between group means than actually exists), and 
the error rates may be greater (i.e., more plots may be 
misclassified if the differences in group means are not 
maximized). 
Failure to meet the assumption of equal variances does 
not imply that multiple discriminant analysis cannot be used 
under non-optimal situations. The implication is that the 
predictive capabilities of the discriminant function may be 
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reduced. For example, under optimal conditions one of the 
first interpretations made is whether group means are 
different and if that difference is significanct (i.e., if 
they are not significantly different then there is little 
reason to continue with the analysis). This is usually 
accomplished through the use of statistical tables (i.e., F 
table) (Kleinbaum and others, 1988). When the condition of 
inequality exists, the significance level of that test may 
be higher than it should be. For example, if the 
significance level is marginal (i.e., probability less than 
0.05) then, there is little probability that a difference 
between group means exists. Conversely, if the differences 
are highly significant (i.e., a reasonably large F value and 
probability less than .001) then it is reasonable to assume 
a difference does exist. The risk is that the degree of 
significance cannot be determined. 
Another important interpretation affected by unequal 
variances relates to the overall success of the 
classification (i.e., the number of plots correctly 
classified). Specifically, overall success may be lower and 
more plots may be incorrectly assigned if optimal conditions 
were not met. For example, if overall classification 
success is good, then the situation is somewhat optimistic. 
However, if the rating is marginal (i.e., less than 80% 
correctly classified) then the situation is less encouraging 
for prediction. Again, the risk is that the relative level 
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of performance cannot be quantified (i.e., in terms of 
improvement given optimal conditions). Thus, a firm 
understanding of the implications associated with 
heterogeneity, combined with the following factors, 
strengthened the decision to proceed with the analysis: 1) 
the data represented realistic ecological conditions (i.e., 
absence of size classes for some structural stages); 2) 
little would be lost in exploring the predictive potential 
of the independent variables (i.e., at worst the results 
would be less favorable); and 3) few changes could be made 
to improve the data set (i.e., obtain equal sample sizes). 
One of the first tasks of multiple discriminant 
analysis is the determination of the extent to which the a 
priori defined groups differ with respect to their average 
scores (Dillon and Goldstein, 1984). Multivariate test 
statistics provided in the Systat DISCRIM output (e.g., 
Wilks Lambda, Pillai Trace, and Hotelling-Lawely Trace) were 
used to evaluate the significance of group separation. All 
variables, with the exception of ELEVATION, ASPECT, and 
SLOPE, were found to have significant differences between 
group means (i.e., probabilities less than 0.000). Under 
sub-optimal conditions (i.e., unequal variances) this level 
of significance was considered optimistic (i.e., it was 
assumed that some degree of difference between group means 
existed). 
Group differences for the variables describing 
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ELEVATION, ASPECT, and SLOPE were not significantly 
different (i.e., probability greater than 0.300). The 
inability of these 3 variables to discriminate between 
structural stages is directly related to the paired plot 
sampling design. Paired control and treatment plots would 
be expected to have similar values for slope, aspect, and 
elevation but dissimilar characteristics in stand structure. 
Given this fact, it became evident that further analysis of 
these 3 variables would produce spurious results. A more 
useful approach to testing the discriminating potential of 
these variables could be accomplished with a stratified 
random data set. Therefore, the following interpretations 
of the discriminant function concentrated on the variables 
for the ALL SPECIES and TOLERANT/INTOLERANT SPECIES groups. 
Results of this analysis suggest that the variables 
used to describe tree characteristics have potential for 
discriminating between structural stage groups (Table 2). 
Overall success of the classification was good to excellent 
for both species groups (i.e., ALL SPECIES and TOLERANT and 
INTOLERANT). The ALL SPECIES group variable with the best 
results for overall classification success was COVER (i.e., 
92% of all cases correctly classified), followed by AGE, 
DENSITY and HEIGHT. This appears reasonable in an 
ecological context because cover is a major component of 
stand structure. Variables for the TOLERANT/INTOLERANT 
species group displayed a nearly inverse position for 
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Table 2. Summary of western redcedar dataset discriminant 
analysis results for structural stage classification. 
Variables are stratified by: ALL SPECIES, INTOLERANT and 
TOLERANT SPECIES, and SITE. The number of cases correctly 
classified (CASE) and the number of observations for each 
group (n) are listed by structural stages (INIT = stand 
initiation, STEM = stem exclusion, UNDR = understory 
reinitiation, and OGRO = old growth). Total percent 
correctly classified (%) and total number of observations 
(N) per variable are recorded in the last column. 
STRZJCTZJJEZAIM STAGE 
INIT STEM UNDR OGRO 
VARIABLE CASE n CASE n CASE n CASE n % | N 
ALL S PECIES 
COVER 39 39 10 12 17 19 5 6 93 76 
DENSITY 38 39 10 12 13 17 4 5 89 73 
AGE 37 39 5 6 2 5 4 4 89 54 
HEIGHT 36 39 8 10 4 13 4 4 79 66 
TOLERANT/INTOLERANT SPECIES 
COVER 36 39 9 12 11 19 5 6 80 76 
DENSITY 38 39 11 12 13 17 4 5 90 73 
AGE 39 39 6 6 5 5 4 4 100 54 
HEIGHT 34 39 9 10 8 13 4 4 83 66 
SITE 
ELEVATION 0 39 7 12 1 19 5 6 17 76 
ASPECT 0 39 9 12 3 19 4 6 21 76 
SLOPE 9 39 8 12 2 19 4 6 39 76 
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relative success. In this group, the most favorable result 
was with the variable AGE (i.e., 98%), followed by HEIGHT, 
COVER, and DENSITY. This suggests that AGE discriminates 
best when species are stratified. Ecologically, it is more 
appropriate to consider AGE as a descriptive characteristic 
for each structural stage rather than a predictive variable. 
For example, various disturbances (e.g., fire, disease) can 
affect the rate of development for a given forest stand. 
The duration of each structural stage would provide an 
improved understanding of the temporal variability 
associated with structural stage development (Oliver, 1981). 
Stratification by species tolerance groups produced 
relatively minor changes in overall classification success 
for the remaining variables used to describe tree 
attributes. 
The classification rule for plot assignments is based 
on the mean group score. Individual plots are assigned 
scores by the discriminant analysis process. These scores 
are then used for group assignment. A plot is assigned to 
the group whose mean group score is most similar (i.e., 
closest) to the assigned plot score. If group means are not 
sufficiently dissimilar (i.e., distant) then overlap pccurs 
between groups. Problems with misclassification arise when 
the discriminant function attempts to predict group 
assignment for plots that reside in the area of overlap. 
The area where group means reside is known as the 
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discriminant space. When only 2 groups are being 
differentiated this discriminant space can be graphically 
displayed. However, with increasing number of groups and 
independent variables it becomes visually complex and beyond 
most graphical capabilities. However, it is useful to 
understand the concept of overlap between groups. For 
example, in the context of stand dynamics, there is much 
overlap between groups. This occurs because stand 
development operates as a continuum and transitional 
characteristics are not well defined either temporally or 
spatially. Therefore, in a classification these transitory 
stages often reside in the area of overlap. This can result 
in the misclassification of plots. 
Misclassification (i.e., error rate) of cases, the 
degree of error (i.e., severity), and the distribution 
patterns of the misclassified cases across groups are 
important performance measures governing the success or 
failure of a discriminant analysis (Dillon and Goldstein, 
1984). The error rate is the ratio of plots misclassified. 
This rating is reported as a proportion (i.e., percent) of 
the total sample or by group sample size. For purposes of 
this analysis (i.e., given sub-optimal conditions), greater 
than 20 percent error for the overall classification, or 30 
percent error in a group was considered marginal. This 
seems reasonable since there is no guarantee that an 
appreciable amount of improvement in classification would 
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occur given optimal conditions. Associated with the error 
rate are varying degrees of severity. Severity ratings can 
be quantified if prior probabilities are assigned to each 
group (Dillon and Goldstein, 1984). Since prior 
probabilites were not assigned in this analysis, the 
severity rating was assessed qualitatively. 
Misclassification to an adjacent group is a less severe 
error relative to a more distant group. For example, a 
predicted assignment to the INIT group for a plot classified 
as OGRO has more serious implications than a predicted 
assignment to an adjacent group. This fact is due to the 
continuous nature of stand development. This is especially 
true for plots on the borderline of development to another 
class. Distribution of misclassified plots provides another 
measure of the misclassification error rate. When error 
rates are disparate across groups this may imply that the 
underlying distributions are skewed and not normally 
distributed (Dillon and Goldstein, 1984). 
Classification performance was evaluated based on the 
number of incorrectly classified plots (i.e., error rate), 
the severity of the error rate, and the distribution of 
misclassified plots. Classification results for the ALL 
SPECIES variables are discussed first (results are presented 
in Table 3). The variable COVER had the lowest error rates 
(i.e., maximum error rate of 25 percent in the STEM group), 
followed by DENSITY with a maximum error of 33 percent for 
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Table 3. Summary of case assignments for the western 
redcedar dataset stratified by ALL SPECIES. Variables are: 
COVER, DENSITY, AGE, and HEIGHT. Total number of cases (N) 
and misclassification ratings (% ERROR) are displayed in the 
last two columns. 
ALL SPECIES 
COVER INIT STEM UNDR OGRO N % ERROR 
INIT 39 0 0 0 39 0 
STEM 2 9 1 0 12 25 
UNDR 0 2 17 0 19 11 
OGRO 0 0 1 5 6 20 
DENSITY INIT STEM UNDR OGRO N % ERROR 
INIT 36 3 0 0 39 8 
STEM 2 8 2 0 12 33 
UNDR 1 3 13 0 17 24 
OGRO 0 0 I 4 5 20 
AGE INIT STEM UNDR OGRO N % ERROR 
INIT 37 1 1 0 39 5 
STEM 0 5 1 0 6 17 
UNDR 0 2 2 1 5 60 
OGRO 0 0 0 4 4 0 
HEIGHT INIT STEM UNDR OGRO N % ERROR 
INIT 37 0 1 1 39 5 
STEM 1 8 1 0 10 20 
UNDR 0 6 5 2 13 62 
OGRO 0 0 0 4 4 0 
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the same group. The variables for AGE and HEIGHT had error 
rates equal to or greater than 60 percent for the UNDR 
group. Therefore, the variables DENSITY, AGE, and HEIGHT 
appear to have marginal to high error rates for some 
structural groups. 
In general, the majority of misclassified plots (i.e., 
for the ALL SPECIES strata) were assigned to adjacent groups 
(i.e., low severity rating). Greatly different performance 
rates across groups exist for the variables AGE and HEIGHT. 
The error rates (62 percent and 60 percent respectively) for 
the UNDR group were considerably higher than any of the 
other group error rates for AGE and HEIGHT. This disparity 
between groups may be indicative of a sample size problem 
for these variables. Sample sizes are disproportionate and 
small for some of the groups (i.e., due to missing age and 
height values for 30 percent of the stands sampled). Given 
this fact, further interpretations of these variables (i.e., 
AGE and HEIGHT) are suspect. A larger data set may 
demonstrate improved discriminatory abilities. Review of 
the performance criteria for this strata indicates that the 
variable COVER had the lowest error rates. 
Increased error rates occurred when the variables 
DENSITY and COVER were stratified by the TOLERANT/INTOLERANT 
species group. Results presented in Table 4 indicate that 
the error rate associated with the UNDR group was greater 
than 30 percent. The opposite occurred with the variables 
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Table 4. Summary of case assignments for the western 
redcedar dataset stratified by TOLERANT/INTOLERANT SPECIES. 
Variables are: COVER, DENSITY, AGE, and HEIGHT. Total 
number of cases (N) and misclassification ratings (% ERROR) 
are displayed in the last two columns. 
TOJ^EJFtANTy JENTOJL.ERANT SJE>ECIES 
COVER INIT STEM UNDR OGRO N % ERROR 
INIT 38 0 1 0 39 3 
STEM 0 9 3 0 12 25 
UNDR 1 5 12 1 19 32 
OGRO 0 0 0 6 6 0 
DENSJETY INIT STEM UNDR OGRO N % ERROR 
INIT 38 1 0 0 39 3 
STEM 0 10 2 0 12 17 
UNDR 1 6 10 0 17 41 
OGRO 0 0 1 4 5 20 
AGE INIT STEM UNDR OGRO N % ERROR 
INIT 38 0 1 0 39 3 
STEM 0 6 0 0 6 0 
UNDR 1 6 10 1 5 0 
OGRO 0 0 0 4 4 0 
HEIGHT INIT STEM UNDR OGRO N % ERROR 
INIT 37 1 J 0 39 5 
STEM 1 9 0 0 10 10 
UNDR 0 3 9 1 13 31 
OGRO 0 0 0 4 4 0 
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AGE and HEIGHT. Although the variables AGE and HEIGHT were 
considered suspect (i.e., high error rates) in the previous 
strata their relative performance improved when they were 
stratified by TOLERANT/INTOLERANT species group. The nearly 
perfect classification by the variable AGE (i.e., 3 percent 
error rate) appears extreme. Intuitively, this type of 
behavior signals an underlying problem with the AGE data. 
Small sample sizes are believed to be the major contributing 
factor of this behavior. Ecologically, this performance 
appears illogical since by definition (Oliver, 1981), a wide 
range of ages occurs during the understory reinitiation 
stage (i.e., recruitment on new individuals as growing space 
is relinquished by other trees). The variable HEIGHT did 
not exhibit such extremes in behavior; however, the error 
rate for the UNDR group was 31 percent. The problems 
relating to performance are most likely due to the increased 
number of independent variables (i.e., 12 variables were 
used compared to 6 variables in the previous strata), and 
sample size. Increased numbers of variables and small or 
disproportionate samples are known to cause instability 
(i.e., noise) in some data sets (Dillon and Goldstein, 1984; 
Legendre and Legendre, 1983; Green, 1979). 
The discriminant functions represent the 3 axes which 
separate the groups in the discriminant space. Associated 
with each discriminant function are canonical correlations 
and function coefficients. Canonical correlations (i.e., 
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eigenvalues) are a measure of the relative importance of 
each discriminant function in separation of the groups 
(Dillon and Goldstein, 1984). The discriminant functions 
and their canonical correlations (i.e., reported as an index 
of relative importance) are provided in Table 5. The 
descriptive index of relative importance indicates that the 
first two discriminant functions account for 76 percent of 
the variability (i.e., separation) between groups. The 
function coefficents (i.e., loadings) for each independent 
variable are also provided in Table 5. Loadings are useful 
in determining the relative contribution of each predictor 
variable to the overall classification (Dillon and 
Goldstein, 1984). The independent variables (i.e., for the 
first discriminant function) with the highest loadings are 
LARGE, MEDIUM, POLE, and VERY LARGE (i.e., in decreasing 
order). The next two variables, SEEDLING and SAPLING, have 
relatively lower values. Intuitively, these values suggest 
that the discriminant function separates plots first based 
on the presence or absence of cover in the larger size 
classes (i.e., pole and larger, with large and medium having 
the greatest influence), relative to plots with cover in the 
smaller size classes. This division appears to be 
separating the INIT group from the remaining groups. The 
second discriminant function separates the LARGE and VERY 
LARGE independent variables (i.e., greatest positive 
loadings) and the POLE and SAPLING variables (i.e., highest 
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Table 5. Discriminant functions 1 through 3, and respective 
canonical correlations, correlation index, and discriminant 
loadings (LOADINGS) for the independent variable COVER 
stratified by ALL SPECIES. Independent variables are for 
cover by tree size classes: seedling, sapling, pole, medium, 
large, and very large. 
DISCRIMINANT FUNCTION 
X 2 3 
CANONICAL CORRELATION 0.929 0.850 0.566 
CORRELATION INDEX 40% 36% 24% 
LOADINGS SEEDLING 0.036 -0.059 0.489 
SAPLING 0.158 -0.329 -0.064 
POLE 0.360 -0.594 0.010 
MEDIUM 0.465 -0.080 0.548 
LARGE 0.499 0.571 -0.435 
VERY LARGE 0.319 0.440 -0.386 
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negative loadings). These groupings appear related to the 
OGRO and STEM groups. The loadings associated with the 
third discriminant axis are more widely spread apart. In 
particular, the largest positive values are for the MEDIUM 
and SEEDLING variables, and the largest negative values are 
with the LARGE and VERY LARGE variables. This may be 
related to the UNDR group since the presence of several size 
classes is typical for this structural stage. Specifically, 
the OGRO and INIT groups were the most obvious separations, 
followed by the STEM group with the remaining plots assigned 
to the UNDR group. 
The results of this analysis suggest that the 
independent variables for COVER (ALL SPECIES) are useful 
predictors for classification of structural stages. Since 
results based on the same variables used to create the a 
priori defined groups are optimistically biased (Dillon and 
Goldstein, 1984), the classification was tested using an 
independent dataset. The procedure involved application of 
the group classification coefficients and constants 
(provided in the DISCRIM output) to the raw data. The 
coefficients used in this procedure are listed in Table 6. 
The constant and coefficients are represented in the 
following model as: 
Y± = b + Cj (XI ) + C2_ (X2) + C3 (X3 ) + C4. (X4 ) + C5. (X5) + C6, (X6) 
where YL equals the discriminant score for each group (INIT, 
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Table 6. Summary of case assignments for the validation 
datasets (HIGH, MID, and LOW) using the structural stage 
classification for COVER stratified by ALL SPECIES. 
Structural stages are: stand initiation (INIT), stem 
exclusion (STEM), understory reinitiation (UNDR), and old 
growth (OGRO). The number of cases correctly classified by 
the discriminant function are listed on the diagonal of the 
matrices. The number of classified cases (N) and error 
rates (% ERROR) are displayed in the last two columns. 
SI>JSCJLES , GOVE Ft 
HIGH INIT STEM UNDR OGRO N % ERROR 
INIT 3 0 0 0 3 0 
STEM 0 1 0 0 1 0 
UNDR 1 0 2 0 3 33 
OGRO 0 0 0 0 0 0 
MID INIT STEM UNDR OGRO N % ERROR 
INIT 26 0 0 0 26 0 
STEM 1 32 2 0 35 9 
UNDR 13 6 86 0 105 18 
OGRO 0 0 2 30 32 6 
LOH INIT STEM UNDR OGRO N % ERROR 
INIT 17 0 0 0 17 0 
STEM 0 9 0 0 9 0 
UNDR 5 5 33 0 43 23 
OGRO 0 0 1 8 9 11 
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STEM, UNDR, and OGRO). The group classification 
coefficients for each independent variable are indicated by 
C1A throug C61. Independent variables (SEEDLING, SAPLING, 
POLE, MEDIUM, LARGE, and VERY LARGE) are represented by XI 
through X6. Thus, a total of four discriminant scores were 
calculated (i.e., one for each group) by applying the 
equation for each group to the set of independent variables. 
Plots were assigned to the group with the largest group 
function value (YA) for that case. Classification success 
was evaluated by comparision of the predicted group to that 
assigned by the dichotomous key. Results of the validation 
are presented in Table 6. 
The overall classification success for the independent 
data set appears accurate. The MID series strata had the 
best success rating (i.e., 88 percent of all plots correctly 
classified). The HIGH and LOW series strata had equal 
ratings of 86 percent. Group error rates were less than or 
equal to 18% for the MID series. The LOW and HIGH series 
had maximum error rates of 23 percent and 33 percent 
respectively. The higher error rate for the HIGH elevation 
group may be related to: 1) the relatively small sample size 
(i.e., N=7); or 2) differences in structural characteristics 
of high elevation ecosystems. 
The results of the validation test provide support for 
the classification performance. The predictive capability 
of the classification does not appear to be limited to 
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western redcedar series since the independent data set 
represents of a variety of habitat types (Appendix A). 
Group predictions for the MID elevation strata are 
considered to be within the acceptable range of error (i.e., 
maximum error rate of 18%). This suggests that the 
independent variable COVER (ALL SPECIES) has potential for 
predicting structural stages for habitat types with 
structural characteristics similar to western redcedar. For 
example, subalpine fir ecosystems within this elevational 
range have similar cover values (i.e., due to vertical 
layering of stratums). These conditions are not typical of 
ecosystems in the LOW and HIGH elevation strata. High and 
low elevation ecosystems differ due to extremes in abiotic 
conditions (e.g., temperature, precipitation, site 
productivity, length of growing season). These conditions 
generally result in fewer trees per acre and lower cover 
values. 
The validation test also demonstrates that any problems 
caused by the data (i.e., for COVER, ALL SPECIES) not 
meeting the assumption for equal variance are minimal. 
CONCLUSION 
The ability to classify accurately and predict 
structural stages based on tree canopy cover and size class 
has been successfully demonstrated for a variety of habitat 
types. Canopy cover appears to be a successful predictor of 
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structural stage in this classification. This is reasonable 
because: 1) canopy cover was used to develop the a priori 
groups in the supervised classification; and 2) canopy cover 
by size class provides a better multidimensional 
representation of stand structure than any of the other 
variables when used as a single predictor. In general, the 
most useful single variable for describing stand structure 
is canopy cover. 
This analysis demonstrates that a relatively simple 
decision key (Figure 3) using canopy cover and size class 
can correctly classify structural stages 93 percent of the 
time. Canopy cover by size class can be used to infer 
horizontal and vertical stratification, and crown closure. 
Other variables such as density that had higher error rates 
can be used to further describe structural stage 
characteristics. For example, the number of trees per acre 
by size class can be used to infer stocking rate, and 
perhaps qualitatively describe growth rates on a stand 
basis. The variable age may aid in future descriptions 
related to the rate of stand development within a given 
structural stage. 
Results of this analysis indicate that it is more 
difficult to discriminate between the STEM and UNDR groups 
than any of the others. This may be an artifact of the data 
and the structural attributes of western redcedar. For 
example, the stands sampled in this study that appeared to 
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be in the stem exclusion stage had very high cover values 
for sapling and pole sized trees. The species composition 
of these size classes were predominately shade intolerant 
species such as western redcedar. A very similar condition 
exists in the understory reinitiation phase. Specifically, 
a dominance of sapling and pole sized intolerant species in 
the lower stratums. The primary structural difference 
between these two groups exists in the medium and large size 
classes. In particular, vertical stratification of the 
larger size classes separates the STEM and UNDR groups. 
This is because the understory reinitiation stage tends to 
have greater tree heights than similar size trees in the 
stem exclusion stage. The fact that the variable COVER 
cannot discriminate between these two groups is fairly 
obvious. Cover does not take height into account. Height 
can only be inferred in a very general manner from size 
class (i.e., larger diameter trees are often, but not 
always, taller than smaller diameter trees). The results 
from this analysis suggest that using one variable in 
conjunction with size class can reduce the success of the 
classification. However, this reduction is relatively 
minimal as evidenced by the low error rates in both the 
supervised classication and the validation test. 
Although this approach was designed to characterize 
structural stages within the western redcedar series, it has 
been shown to be effective in other habitat types with 
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similar structural characteristics. The classification 
framework has potential for classifying ecosystems with 
different structural characteristics (e.g., whitebark pine, 
ponderosa pine). This would necessitate refinement of the 
structural stage definitions to accommodate the relatively 
open structures of those ecosystems. For example, alpine 
systems have few occurrences of individual trees in the very 
large size classes. However, western redcedar commonly 
attains large diameters in many understory reinitiation and 
old growth stands (whereas, the open park like structures of 
old growth ponderosa pine stands frequently have large 
diameter trees with less tree cover in the understory). 
Therefore, this classification is limited in its application 
to those habitat series (e.g., grand fir, subalpine fir, and 
western hemlock) with structures similar to western redcedar 
stands found in northern Idaho and northwestern Montana. 
This classification requires minimal data input and can 
be applied at various landscape level scales. Data 
requirements are relatively easy to obtain. Canopy cover 
estimates for conifer species can be acquired through 
standard timber inventories, or by collecting a minimal 
amount of data through other sampling strategies. The 
classification can be extrapolated from the stand level to 
subregional or regional levels. For example, structural 
stages could be predicted from stand level data and combined 
with a continuous data layer such as satellite imagery to 




Forest stands within the western redcedar series in 
northwestern Montana were analyzed to determine if a 
relationship existed between predisturbance structural and 
floristic characteristics and the initial structure and 
composition of disturbed stands. This information was 
needed to improve current understanding the process of stand 
development. Oliver (1981) has described four stages of 
even-aged or single cohort stand development: stand 
initiation, stem exclusion, understory reinitiation, and old 
growth. These stages describe processes related to 
sequential changes in stand structure and growing space 
occupancy over time. 
The initial establishment of seedling trees, which can 
occur over a period of time following a major stand 
replacing event, is defined as the stand initiation stage. 
Establishment of new trees continues until growing space 
becomes limited, at which time the stand is described as 
entering the stem exclusion stage. Individual trees which 
gain a competitive advantage (i.e., due to differences in 
position within the stand, size, growth pattern, species 
requirements, or genetics) expand into the growing space of 
others during the stem exclusion stage. The reduction of 
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available growing space minimizes the establishment of new 
species, and individuals unable to effectively compete with 
others experience reduced growth rates or mortality. As 
time progresses, minor within-stand disturbances (e.g., 
pathogens, toppling of individual trees) and mortality of 
suppressed individuals releases previously occupied growing 
space. This period of newly released and available growing 
space is described as the understory reinitiation stage. 
New species are able to establish in the understory, but 
remain in the lower strata of the stand. Overstory trees 
continue to increase in size (e.g., height, diameter, crown) 
changing the vertical and horizontal appearance of the 
stand. As a stand progresses into the old growth stage, 
initial members of the stand are replaced over time by 
individuals that established in the understory reinitiation 
stage. The within-stand disturbances which cause the loss 
of individual overstory members are similar to those 
operating in the understory reinitiation phase. During this 
transition from understory reinitiation to old growth, some 
large overstory members remain. This phase has been 
described by Oliver and Larson (1990) as "transitional old 
growth". "True old growth" is not attained until all the 
members of the initial cohort have been replaced. 
Achievement of this condition may take 1,000 years, and was 
not observed in the study area. 
The sequential stages of stand development are usually 
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repeated between each major stand replacing event (Palik and 
Pregitzer, 1993). However, the type, severity, and 
frequency of disturbance, previous stand composition and 
structure, competitive interactions of species that 
establish early, site differences, and available seed 
source, act to create different patterns and rates of 
development across the landscape. An understanding of how 
these factors interact and influence the process of stand 
development is the focus of this study. 
Several hypothesis related to the process of stand 
development were used to identify trends related to species 
response and structural development of stands within the 
western redcedar series. The criteria used included 
previous stand structure, species composition, disturbance 
type and severity, time since disturbance, aspect, and soil 
rooting depth. A series of preliminary tests were used to 
aid in the identification of trends that could be used for 
future hypothesis development and testing. Results of these 
preliminary tests were also used as a basis for modeling 
structural pathways within western redcedar stands. 
METHODS 
The primary objective of this analysis was to compare 
the structural characteristics and floristic composition of 
treated and untreated stands within the western redcedar 
series in northwestern Montana (Lolo National Forest). 
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Treatment stands ranged from 1 to 20 years (1970 to 1990) in 
age since harvest. Some of the harvested stands were 
burned. Untreated stands were not harvested, but have been 
protected from wildfire since the 1930's. 
The data gathered in this study were used in 
preliminary tests of several hypotheses concerning the 
development of stand structure and species composition. 
Preliminary tests were needed to identify major trends in 
species response. Results of such tests aid in identifying 
needs for future tests of the hypotheses or development of 
new hypotheses. The term "stand structure" as used in this 
analysis, follows Oliver's (1981) definitions for structural 
stages of conifer stands (i.e., stand initiation, stem 
exclusion, understory reinitiation, and old growth). The 
following null hypotheses (H0)considered in this analysis 
are: 
HI: Predisturbance structure does not influence 
initial stand development following a major stand 
replacing event. 
H2: Disturbance type and severity do not influence 
species response on sites having similar predisturbance 
structure and floristic composition. 
H3: Stratification by time since disturbance within 
the first 20 years following harvest is not needed to 
reduce variability within the strata. 
H4: In the western redcedar series, aspect is not 
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correlated with species response within the first 20 
years following a stand replacing event. 
H5: Soil rooting depth is not correlated with conifer 
establishment within the first 20 years following a 
stand replacing event. 
A total of 36 control (i.e., unharvested) and 42 
treatment (i.e., harvested and burned, and harvested and 
unburned) sites were sampled within the western redcedar 
series. A paired-plot sampling design was used to minimize 
variation in site characteristics (i.e., control and 
treatment plots were selected that were immediately adjacent 
to one another). There were more treatment plots than 
control plots because in some cases multiple treatment plots 
were sampled per control plot. This sampling approach 
provided multiple samples within a given stand when more 
than one disturbance type or severity was present. For 
example, if the upper portion of a stand was broadcast 
burned, but the lower portion was not burned, then each 
disturbance condition was sampled. Therefore, under some 
conditions, it was possible to sample multiple treatments 
for a single control site (i.e., assuming similar site 
criteria were met, such as elevation, aspect, slope). This 
sampling approach follows that described by Arno and others 
(1985), and Zamora (1982), and was described in Chapter 1, 
Sampling Methods. 
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Control and treatment plots were stratified into 
different groups for each hypothesis test (i.e., HI through 
H5). Criteria used for stratification of treatment plots 
included: predisturbance structural stage group (HI), 
disturbance type and disturbance severity (H2), time since 
disturbance (H3), aspect (H4), and soil rooting depth (H5). 
Initially all plots were classified into one of the 
following structural stage groups: stand initiation (INIT), 
stem exclusion (STEM), understory reinitiation (UNDR), and 
old growth (OGRO). The structural stage classification and 
dichotomous key (Figure 3) were used to classify plots. 
Structural stage groups and sample size (N) for the control 
plots were: OGRO (N = 6), UNDR (N = 18), and STEM (N = 
12). Treatment plots were classified to the INIT stage but 
were assigned the same structural group label as their 
paired control plot (i.e., the notation used for treatment 
labels was a subscript "T"). For example, if a control plot 
was classified as OGRO, then the paired treatment plot(s) 
were labeled as OGROT. Treatment plots were stratified by 
predisturdance structure to facilitate analysis of group 
similarity . Sample size for the treatment plots were: 
OGROT (N = 7), UNDRT (N = 21), and STEMT (N = 15). 
Floristic similarities were evaluated for species 
having canopy cover greater than 5 percent. Species with 
less than 5 percent canopy cover were not used in the 
analysis because the primary focus of this study was based 
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on structural similarity of conifer species. However, cover 
estimates of individual species (i.e., tree and herbaceous), 
life form groups (i.e., tree, shrub, forb, fern, grass, and 
moss), and tree size classes (i.e., seedling, sapling, pole, 
medium, large, and very large) were used to summarize the 
general composition of structural groups. Structural 
characteristics of groups were described, using average 
density and height measurements by tree size classes, for 
individual species, and shade tolerance groups (TOLERANT, 
INTOLERANT). Tree size classes (Table 1) and tolerance 
group criteria were the same as those used in the 
development of the structural group classification (Chapter 
2 ) .  
Disturbance type was defined as a combination of 
harvest methods and broadcast burning (i.e., burned and 
unburned). A total of 42 harvested sites were sampled. 
Harvest methods, which included 35 clearcut, 3 seed tree, 3 
partial cut, and 1 overstory removal, were obtained through 
the Lolo National Forest 1991 timber database records. 
Silviculturally, these treatments are used to encourage 
different regeneration patterns in the new stand by 
manipulating the available seed source, shelter, and stand 
structure (Smith, 1986). However, for purposes of this 
analysis, these harvest methods were grouped together to 
evaluate the floristic response of the treated stands. They 
were not stratified by harvest type for the following 
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reasons: 1) to determine if species composition differed 
following harvest methods; 2) harvest methods other than 
clear cut were uncommon in the study area (i.e., too small 
of a sample size for separate analysis); and 3) in most 
cases, harvest methods did not appear to be functionally 
different on the sites sampled. For example, in most cases 
where seed tree or partial cuts were used, either very few 
overstory trees remained on the site, or they were killed 
when the site was broadcast burned (i.e., functionally 
similar to a clearcut). 
Harvested sites were stratified by severity of burn. 
Severity ratings, as defined by Keane (1987), include low, 
moderate, and high severity burns. The differences between 
low and moderate severity burns were difficult to detect 
several years after a burn event and were therefore grouped 
together in this analysis (i.e., no low severity burns were 
observed within 1 year following treatment). Burn severity 
classes were defined as: 1) HIGH BURN - many areas of 
exposed soils, stumps partially consumed and most charred on 
top, and many large fuels consumed, 2) MODERATE - burn 
pattern uneven, most fine fuels consumed and some larger 
fuels partially consumed, some stumps charred but primarily 
on the sides, and 3) NO BURN - no post harvest burning of 
slash occurred on the sample site. Assessment of burn 
severity was based on the criteria listed above and the 
overall appearance of the site. Other methods for 
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quantifying burn severity often use a measure of ground 
litter consumption (Shearer and Stickney, 1990). However, 
time since burning varied from 1 to 20 years for plots 
sampled in this study. Thus, measurements such as duff and 
litter thickness could not be used to assess burn severity 
across all plots. Sample size for the harvest and burn 
treatment were: HIGH BURN (N = 10), MODERATE BURN (N = 19), 
and NO BURN (N = 13). 
Aspect (i.e., azimuth in degrees) of the site and was 
divided into two groups, northerly and southerly. Sites 
with aspects between 315° and 135° were defined as NORTH, 
conversely, sites with aspects of 136° to 314° were defined 
as SOUTH. Sample size for each aspect group were: NORTH (N 
= 32), and SOUTH (N = 10). The disproportionate sample 
sizes for these groups was because western redcedar occurs 
more frequently on northerly exposures in this study area. 
Rooting depth (i.e., measured in inches) was defined as 
the maximum distance (i.e., from the upper mineral horizon) 
to the depth where 80 percent of the root biomass occurred. 
The 80 percent root biomass was an visual estimate obtained 
from individual soil profiles at each site (Chapter 1, 
Sampling Methods). Rooting depth was divided into 2 groups: 
THIN - rooting depth between 2 and 6 inches, and MODERATE -
rooting depth between 6.1 and 16 inches. The group 
definitions were based on the range of rooting depths 
observed across all plots, and soil properties used in soil 
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taxonomy. In particular, a surface epipedon in forested 
sites is typically defined as the upper 6 or 7 inches of the 
soil profile. A surface epipedon is a diagnostic surface 
horizon that usually has been darkened by organic matter, 
eluviation (i.e., leaching of minerals), or as a minimum, 
rock structure has been broken down by soil forming 
processes (Brady, 1990). The thickness of the epipedon 
horizon appeared to be useful as a grouping criteria for the 
purpose of evaluating the affect of rooting depths on 
species establishment. Group sample size were: THIN (N = 
21), and MODERATE (N = 14). The total sample size (N = 35) 
was less for this test of the null hypothesis due to missing 
data for rooting depth (i.e., 8 plots). 
The approach used in this analysis focused on 
identifying similar structural and floristic trends that 
would support future hypotheses testing. The ECOPAC 
statistical analysis software program STRATA (USDA, Forest 
Service, 1993) was used to obtain similarity indices (Gauch, 
1982), synthesis tables, and constancy and average cover 
tables. Canopy cover by size class and life form groups was 
used to compare between-group and within-group floristic 
similarites. Changes in species composition were evaluated 
by grouping species into colonizer and residual categories. 
Tree densities (per 0.1 acre), canopy cover, and height 
(feet) by species size class and tolerance groups were used 
to illustrate stand development pathways. Descriptive 
statistics (i.e., group means) were used to evaluate 
attributes of stratified groups. 
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RESULTS and DISCUSSION 
The primary purpose of this analysis was to identify 
trends related to the structural and floristic 
characteristics of western redcedar stands within the first 
20 years following a stand initiating disturbance. This 
analysis was designed as a series of prelimary tests for 
several hypotheses. The preliminary tests were not an 
attempt to classify the vegetation into community types or 
provide tests of statistical significance. The following 
sequential steps were taken for each hypothesis test: 
1) Stratification of data sets into various groups as 
they relate to the hypothesis being tested. 
2) Computation of group similarity coefficients. 
3) Development of constancy and average cover synthesis 
tables. 
4) Calculation of descriptive statistics for cover by 
life form groups, and tree densities and heights by 
diameter size classes. Group averages were used to 
describe these characteristics for individual species, 
shade tolerance groups, and life form groups. 
Data sets were stratified though the use of synthesis 
tables. Plots were assigned to groups based on the 
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evaluation criteria for each hypothesis (i.e., structural 
stage group, disturbance type and severity, time since 
disturbance, aspect, and rooting depth). Similarity 
indicies were used to assess between-group and within-group 
similarities. These indices are a ratio of the sum of 
minimum cover for all species to the sum of the total cover 
across all plots (Gauch, 1982). A value of less than 50 was 
interpreted as low similarity, whereas a value greater than 
or equal to 50 indicated presence of group similarity. For 
example, if all species were present across all plots and 
their cover values were identical, then the similarity 
coefficient would be equal to 100. 
Results of the similarity tests indicated that 
stratification of groups with a single criteria (i.e., 
structural stage or disturbance) was insufficient for 
obtaining satisfactory results (i.e., between-group 
similiarty coefficients were high, and within-group 
similarity coefficients were low). A hierarchical 
stratification of groups using structural group, disturbance 
type and severity, and time since disturbance was developed 
to reduce group variability (Figure 5). 
The first strata divided data sets into control and 
treatment groups. The second strata divided control plots 
into 3 structural stage groups: stem exclusion (STEM), 
understory reinitiation (UNDR), and old growth (OGRO). 
Group assignments were based on the structural 
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Figure 5. Hierarchical stratification scheme of control and treatment groups. 
Strata are: 1) Structural stages: Old growth (OGRO)f Understory reinitiation 
(UNDR), and Stem exclusion (STEM); 2) Harvest and burn severity: High 
burn (HB), Moderate burn (MB), and No burn (NB); 3) Time since 
disturbance (years): 1 to 5, and 6 to 20; and 4) Sample size (N). 
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classification dichotomous key (Figure 3). Treatment plots 
were grouped according to the assigned grouping of their 
paired-control plot structural stage (OGROT, UNDRj,, STEHj,). 
A third strata was formed using disturbance and severity 
criteria. Each treatment group was stratified into 3 
disturbance groups: high burn (HB), moderate burn (MB), and 
no burn (NB). This stratification created some groups of 
relatively small sample sizes. A minimum sample size of 3 
was desirable (i.e., for the purpose of obtaining group 
means), and two of the groups (OGROHB , STEMNB ) were below 
minimum size. However, it was decided that the analysis 
results would be more meaningful given this stratification 
and groups with less than 3 plots were not excluded. 
A fourth strata was formed using the criteria for time 
since disturbance. Time intervals were divided into two 
groups: 1) 1 to 5 years (1); and, 2) 6 to 20 years (2). 
This grouping was based on the results of similar studies 
(Arno and others, 1985? Halpren, 1988, 1989? Shearer and 
Stickney, 1990). These studies indicate that herbaceous 
cover (i.e., forbs, shrubs, and graminoids) usually 
dominates on burned sites until approximately the fifth year 
following disturbance, and that conifer tree cover begans to 
exceed shrub cover after the sixth or seventh year. Due to 
the limited number of samples it was not possible to 
stratify all groups by time intervals. Therefore, only a 
subset of the data could be evaluated using this criteria. 
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This time strata was applied to the STEMmb and UNDRMB groups 
because: 1) their sample sizes were sufficiently large 
enough to permit further stratification; 2) they were in the 
same disturbance and severity strata (MODERATE BURN); and 3) 
they had a similar number of plots for each time interval. 
Further stratification using aspect and rooting depth 
was desirable, but could not be done for the treatment data 
sets due to the limited number of plots (i.e., treatment 
data set), and unequal sample sizes (i.e., control data 
sets). Therefore, these data were used to describe group 
attributes and were not considered for additional testing. 
A listing of plots and data attributes such as: time since 
disturbance, harvest method, habitat type phase, rooting 
depth, aspect, elevation, and slope are presented in 
Appendix C. 
The hierarchical stratification of treatment data sets 
improved similarity both within and between groups (i.e., 
between group similarities were less than 50, and most 
within group coefficients were near 50 or greater). 
Similarity indicies are presented in Table 7 (i.e., control 
and treatment dataset) and Table 8 (i.e., time series 
subset). Coefficients for the control data sets suggest 
that these groups share similar species, and have moderate 
within group variability. The between group similarity 
values ranged from 46 to 66, which appears reasonable since 
all plots sampled were of the same vegetation series. The 
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Table 7. Similarity matrices for structural groups 
stratified by disturbance type and severity. Control groups 
are: old growth (0), understory reinitiation (U), and stem 
exclusion (S). Treatment groups are: old growth high burn 
(OHB), moderate burn (OMB), and no burn (ONB); understory 
high burn (UHB), moderate burn (UMB), and no burn (UNB); and 
stem exclusion high burn (SHB), moderate burn (SMB), and no 
burn (SNB). Between-group similarities are represented in 
the upper matrix, and relative within-group similarity 
coefficients (SC), standard deviation (SD), and sample size 
(N) are displayed in the lower matrix. 
SIMILARITY COEFFICIENTS 
0 U S OHB OGM OGN UHB UMB UNB SHB SMB SNB 
0 100 56 
"1 
46 8 24 41 24 23 32 20 21 28 
u \ 56 100 66 12 33 33 35 32 46 27 29 38 
s 46 66 100 13 29 31 31 31 28 41 24 26 
OHB 8 12 13 100 23 16 21 23 21 32 32 18 
OMB 24 33 29 23 100 39 39 47 49 39 41 41 
ONB 41 33 31 16 39 100 38 40 37 38 38 38 
UHB 24 35 31 21 39 38 100 48 47 45 54 39 
UMB 23 32 28 23 47 40 48 100 47 44 53 36 
UNB 32 46 41 21 49 37 47 47 100 47 46 46 
SHB 21 27 24 32 39 38 45 44 47 100 53 37 
SMB 21 29 26 32 41 38 54 53 46 53 100 32 
SNB 28 38 41 18 41 38 39 36 45 37 32 100 
RELATIVE 
SC 49 41 44 100 53 53 47 39 42 43 37 66 
SD 9 6 5 0 19 12 17 10 11 12 12 13 
N 6 18 12 1 3 3 4 9 8 
r 
5 l_2._ 7 2 
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Table 8. Similarity matrix for the time series data subset 
stratified by disturbance type and severity. Treatment 
groups are: understory reinitiation moderate burn 1 to 5 
years (UMBl), and moderate burn 6 to 20 years (UMB2); stem 
exclusion moderate burn 1 to 5 years (SMBl), and moderate 
burn 6 to 20 years (SMB2). Between-group similarity 
coefficients are represented in the upper matrix, and 
relative within-group similarity coefficients (SC), stand 
deviation (SD), and sample size (N) are displayed in the 
lower matrix. 
SIMIJLAJRJCTY COEFFICIENTS 
UMBl UMB2 SMBl SMB2 
UMBl 100 41 42 46 
UMB2 41 200 39 36 
SMBl 42 39 100 34 
SMB2 46 36 34 100 
TRJEI^AT JTXTE S JOMJO JL.AJRJITY 
SC 45 56 46 57 
SD 11 12 13 12 
N 5 4 4 3 
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within group coefficients were slightly less than 50 (i.e., 
values ranged from 41 to 49) suggesting species and cover 
values were variable between some plots. This may be due to 
the fact that these groups were not stratified by habitat 
type phase (i.e., understory species differed between 
plots). Additional stratification by habitat type phase was 
not done for this analysis because adequate representation 
of each phase was not possible (i.e., sample size was not 
large enough). The data subset stratified by time intervals 
produced the best results (i.e., between group similarities 
were lower, and within group similarities slightly higher). 
Average canopy cover values were used to illustrate the 
structure and composition of each group. Control and 
treatment group cover values by life form (i.e., tree, 
shrub, forb, grass, fern, and moss) are presented in Figure 
6. The OGRO structural group had high tree cover (i.e., 85 
percent), and relatively low amounts of cover for other life 
forms in the understory forbs (i.e., 22 percent), shrubs and 
ferns (i.e., 11 percent each) and minor amounts of grass and 
moss. Canopy cover for the UNDR structural group was 
slightly less for trees (i.e., 79 percent), with equal cover 
of forbs (i.e., 22 percent) and higher values for shrubs 
(i.e., 24 percent), minor cover of ferns and grasses, and 13 
percent moss. The STEM group had the lowest tree cover 
(i.e., 76 percent), with 17 percent shrub, 12 percent forbs, 
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Figure 6. Average canopy cover by life form for control and treatment groups. 
Control groups are old growth (OGRO), understory reinitiation (UNDR), and 
stem exclusion (STEM). Treatment types are high burn (HB), moderate burn 
(MB), and no burn (NB). Box 4 represents the UNDR and STEM time series. 
Years since disturbance: 1 to 5 (MB1), and 6 to 20 (MB2). 
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lower tree canopy cover value for the stem exclusion stage 
appeared to be inconsistent with Oliver's (1981) definition 
for this structural stage. In particular, this stage has 
been characterized as having a relatively closed canopy 
(crowns touching or intermingled). However, it may be that 
this condition does not always manifest itself or is 
relatively short-lived (some degree of openness may be 
present). This may be related to: 1) a constant, but minor 
amount of mortality throughout the development of a stand; 
2) other parts of the stand may have a more open condition 
and still be in the stem recruitment stage; and, 3) the 
reduced amount of vertical stratification compared to 
advanced stages of stand development. The relatively higher 
cover values for ferns in the OGRO group may be favored by 
the late serai conditions typical in older stands of western 
redcedar. Forb cover was similar for both the OGRO and UNDR 
groups which may indicate that forbs maintain a fairly 
constant presence through the latter stages of stand 
development. The slightly lesser amount of forbs in the 
STEM group may reflect a transition from early serai species 
in the INIT stage to a more stable set of species present in 
the later developmental stages. Shrub cover was 
approximately 50 percent less in the OGRO stage which may be 
due to the lower shade tolerance of many shrub species 
present in the early stages of stand development. Graminoid 
species appear to play a minor role in the western redcedar 
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type except during the INIT stage. 
Shrub, forb, and graminoid cover increased (i.e., 
relative to control group cover values) following treatment 
by either harvest and burning (i.e., moderate and high 
severity burns) or harvest and no burning. However, this 
response was variable across structural groups and 
disturbance types. For example, some groups had more tree 
cover with a high or moderate burn severity, while others 
had greater amounts of cover in the no burn treatment. 
Similar patterns were present for forb, graminoid, and moss 
cover. However, shrub and fern cover appeared to be greater 
for the NO BURN treatments. The groups stratified by time 
for the MODERATE BURN treatment did not demonstrate a 
consistent response except for tree cover, which increased 
after 5 years. 
Cover indices (i.e., relative to a particular group 
total cover value) were developed for individual tree 
species using two size categories (i.e., greater than or 
equal to 9 inches and less than 9 inches). Values for both 
size categories are presented by control (Figure 7) and 
treatment (Figure 8) groups stratified by disturbance and 
burn severity. Treatment groups stratified by time since 
disturbance for the moderate burn disturbance group are 
presented in Figure 9. Western redcedar was the dominant 
cover component in all control types, except for the larger 
size category in the STEM group. A major difference between 
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OLD GROWTH 
Greater than ST dbh Lessthan 9* dbh 
UNDERSTORY REINITIATION 
Greater than 9" dbh Less than 9" dbh 
STEM EXCLUSION 
Greater than ff dbh Less than 9" dbh 
Figure 7. Relative tree cover index for control groups old growth.understory 
reinitiation, and stem exclusion. Tree species are: Douglas-fir (DF), 
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Figure 8. Relative tree cover index for treatment groups old growth, understory 
reinitiation, and stem exclusion. Tree species are: Douglas-fir (DF), Engelmann 
spruce (ES), grand fir (GF), lodgepole pine (IF), western redcedar (RC) 
sublapine fir (SF), western larch (WL), and white pine (WP). Size class 
category was less than 9 inches dbh. Treatment types were harvest and burn 
(HIGH or MODERATE BURN severity) or harvest and unburned (NO BURN). 
73 
UNDERSTORY REINITIATION 
MODERATE BURN YEARS 1 - 5 MODERATE BURN YEARS 6 - 20 
STEM EXCLUSION 
MODERATE BURN YEARS 1 - 5 MODERATE BURN YEARS 6 - 20 
Figure 9. Relative tree cover index for treatment groups stratified by time 
since disturbance. Time strata are: 1 to 5 and 6 to 20 years; Disturbance 
strata are: harvest (clearcut) and moderate burn severity for the structural 
stages understory reinitiation and stem exclusion. Conifer seedling species 
were Douglas-fir (DF), Engelmann spruce (ES), grand fir (GF), lodgepole 
pine (LP), western redcedar (RC), subalpineflr (SF), and western larch 
(WL). Species with less than 5 percent average canopy cover (i.e., white 
pine and Pacific yew) were not included. 
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the 3 structural stage groups was the absence of lodgepole 
pine in the OGRO group (i.e., both size categories). 
Western larch and Douglas-fir had less cover in the OGRO 
group, particularly in the smaller size category. However, 
species such as Engelmann spruce, grand fir, and subalpine 
fir had higher cover values in the smaller size category for 
the OGRO structural stage. Western white pine was present 
as a minor component of the larger trees in all 3 structural 
stages, however, it's presence was limited in the smaller 
size category. The introduction of white pine blister rust 
(Cronartium ribicola Fisch.), and the few natural fire 
events are believed to have contributed to the decline of 
western white pine (Graham, 1990) in the study area. The 
lack of Pacific yew in the larger size category was due to 
its small diameter (i.e., individual trees greater than 9 
inches were not observed in the study area). Diversity of 
conifer species within western redcedar stands in the study 
area remained fairly consistent across structural stages, 
with the exception of lodgepole pine. This appears 
reasonable since lodgepole pine is relatively short-lived 
and less shade tolerant than the other species present. The 
western redcedar large tree component appears to be greater 
in the UNDR and OGRO structural stages within the study area 
but maintains high cover values as a small tree component in 
all structural stages. 
Species dominance, defined as the species having the 
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most canopy cover, was nearly inverse following disturbance 
for both burn severities (HIGH and MODERATE BURN) across all 
structural groups. A decline in western redcedar cover and 
a relative increase in cover for species such as western 
larch, Douglas-fir, and lodgepole was apparent. The NO BURN 
treatments had a mixed response in species dominance. For 
example, cover in the OGRONB was dominated by western 
redcedar (i.e., cover index = 46) with other species scoring 
less than 15. A fairly equal representation of all species 
(lesser amounts of Douglas-fir and Engelmann spruce) was 
present in the UNDRnb, but a dominance of Douglas-fir 
(followed by western redcedar and grand fir) existed in the 
STEMnb. 
The dominant species cover pattern for the control 
groups and their respective NO BURN treatment group display 
similar species composition. For example, western redcedar 
had less canopy cover in the STEM (i.e., large size class) 
and STEMnb. Lodgepole pine remained absent in the OGRO 
paired group. This relationship was not true for the burn 
treatments where species dominance varied across treatment 
and structural group. 
The cover indicies for treatment groups stratified by 
time since disturbance suggest that western redcedar 
represented most of the seedling cover the first 5 years 
following treatment in the UNDR group. After year 5, cover 
was distributed more evenly between the 7 species present. 
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A very different pattern was observed in the STEM time 
series. During the first 5 years, western larch contributed 
twice as much cover as any other species. Western redcedar 
did not appear as a minor component until after year 5, and 
species such as western larch, Douglas-fir, and lodgepole 
pine remained primary contributors of canopy cover. These 
patterns of relative cover appear to reflect predisturbance 
conditions in the larger tree category. In particular, 
cover of western redcedar in the understory reinitiation 
control group was more than twice the amount of any other 
species present. The opposite condition existed in the stem 
exclusion stage, western larch and Douglas-fir had cover 
indicies that were more than double that of western 
redcedar. 
Lodgepole pine appeared as a minor component of large 
tree total cover in both control groups, but began to 
contribute more to total cover between years 5 and 20. 
Conifer species that were present with less than 5 percent 
cover in both treatment groups included western white pine 
and Pacific yew. The STEM group also had trace amounts of 
grand fir, western redcedar, and subalpine fir during the 
first 5 years (only species with greater than 5 percent 
cover were considered in the calculation of cover indices). 
These data suggest the following correlations may exist for 
western red cedar stands within the study area: 1) that 
conifer establishment within the first 5 years following 
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harvest and moderate severity burning closely resembles the 
predisturbance species composition; 2) that conifer species 
composition may be related to stand structure; and 3) that 
conifer dominance during the first 20 years appears to be 
related to the interaction of predisturbance conifer 
composition and stand structure. 
Herbaceous species were grouped as colonizers and 
residuals and evaluated in terms of presence or absence. 
This approach aided in the identification of general trends 
in understory species composition. Colonizers were defined 
as species that were not observed in any control group but 
present following disturbance. Residuals were those species 
present in one or more of the control groups (i.e., few 
residual species were observed in less than 3 control 
groups). For example, Holodiscus discolor (Pursh) Maxim, 
(ocean-spray) occurred in the UNDR control and UNDRHB but 
not in any other control or treatment groups, thus it was 
identified as a residual and not a colonizer. 
The number of colonizers and residuals by life form 
group are displayed for each treatment type in Table 9. 
Colonizers were represented by fewer shrub (i.e., between 2 
and 5) and forb (i.e., 3 to 13) species than residuals 
(i.e., shrubs 4 to 17, forbs 7 to 19) across all treatments 
and structural groups. Burn severity (i.e., MODERATE or 
HIGH) did not appear to be correlated with the number of 
colonizer or residual shrubs or forbs. However, in general, 
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Table 9. Summary of residual (R) and colonizer (C) species 
numbers by life form (TREE, SHUB, FORB, GRAMINOID, and FERN) 
for the western redcedar datasets. Species are grouped by: 
structural stages (old growth = OGRO, understory 
reinitiation = UNDR, and stem exclusion = STEM); disturbance 
type and severity (high burn = HB, moderate burn = MB, and 
no burn = NB); and time since disturbance (1 to 5 years = 1, 
and 6 to 20 years =20). 
TREE SHRUB FORB GRAMINOID FERN 
R c R C R c R c R C 
OGRO 8 0 12 0 19 0 4 0 4 0 
HB 3 1 4 5 7 9 2 I 0 0 
MB 7 1 10 4 12 5 2 2 3 0 
NB 7 0 11 4 16 8 3 3 4 0 
UNDR 10 0 17 0 17 0 2 0 2 0 
HB 9 0 15 3 15 11 2 4 2 0 
MB 9 0 16 5 15 11 0 0 0 0 
NB 9 0 15 3 14 8 0 0 0 0 
STEM 9 0 15 0 17 0 4 0 0 0 
HB 8 0 15 4 16 9 3 1 2 0 
MB 8 0 15 5 16 13 4 1 1 0 
NB 9 0 14 2 12 7 1 0 2 0 
UMBl 6 0 14 2 17 8 2 3 0 0 
UMB2 6 0 14 2 14 3 3 1 0 0 
SMBl 4 0 12 3 14 7 1 1 0 0 
SMB2 6 0 14 2 16 6 3 1 J 0 0 
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fewer colonizers and more residuals (i.e., shrubs and forbs) 
were present in the NO BURN treatments. Graminoids and 
ferns (i.e., colonizers and residuals) had few species 
represented and a variable response across groups. 
The total number of species present differed by burn 
severity and structural group. The different responses 
(Figure 10) suggest that species numbers decline with 
burning in the old growth (OGRO) structural group, but 
resemble predisturbance levels without burning (NO BURN). 
This trend was not observed in the understory reinitiation 
(UNDR) or stem exclusion (STEM) groups. In particular, an 
increase in total species occured without burning or with a 
moderate burn. The STEM group had less of an increase 
following a high severity burn. The differences in total 
species response may be due to: 1) a higher number of forbs 
(i.e., colonizers and residuals) present in the UNDR and 
STEM groups following treatment; and 2) the low number of 
residual shrubs and forbs present in the 0GR0HB (i.e., may 
also be due to the small sample size for this group). 
Colonizer forbs account for the greatest increase in total 
species numbers for all structual groups and treatment 
types. These differences were not tested for statistical 
significance because some groups had sample sizes of less 
than three (i.e., 0GR0HB N = 1, STEMNB N = 2). 
An inverse relationship in total species response was 
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Figure 10. Total species numbers by life form: tree, shrub, forb, fern, 
and graminoid; and structural groups: old growth (OGRO), understory 
reinitiation (UNDR), and stem exclusion (STEM). Top graph: Control (C) 
and treatment types are high burn (HB), moderate burn (MB), and no 
bum (NB). Bottom graph: Total species numbers by life forms for 
the understory reinitiation and stem exclusion groups stratified by 
time since disturbance (years 1 to 5, and 6 to 20 for moderate burn). 
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STEM^, UNDRHOI, UNDRMB2). The STEM group showed a decrease 
from predisturbance species numbers within the first 5 years 
but an increase between years 6 through 20. The opposite 
pattern existed for the UNDR group. The lower number of 
species in the STEM group during the first time period was 
related to fewer tree, shrub, and forb residuals. Whereas, 
a decrease in the UNDR group during the second time period 
was related to fewer forbs (i.e., residuals and colonizers) 
and graminoids (i.e., colonizers). The various response 
patterns of herbaceous species suggest that many 
developmental pathways exist following disturbance. These 
patterns may be related to predisturbance species 
composition and structural stage, available seed source, 
season of burning, or variations in site characteristics, 
but specific causal factors were not apparent. 
Colonizer and residual species are listed in Table 10. 
Constancy and average cover values for all species, 
including those with less than 5 percent cover, are 
presented in Appendix D. The 5 colonizer shrubs were Rubus 
idaeus L. (red raspberry), Rubus ursinus Cham. & Schlecht. 
(trailing black raspberry), Ceanothus sanguines Pursh 
(redstem ceanothus), Ceanothus velutinus Dougl. ex Hook 
(shiny-leaf ceanothus), and Arctostaphylus uva-ursi (L.) 
Spreng. (kinnikinnick). Raspberry and ceanothus species are 
commonly recognized as colonizers following disturbance, 
particularly on burned sites. Red raspberry was present on 
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Table 10. Listing of colonizer and residual species having 
greater than 5 percent canopy cover for the western redcedar 
dataset. Colonizer species are denoted by a solid circle in 
the first column. 
SPECIES COMMON NAME 
SHRUBS 
Acer glabrum Rocky Mountain Maple 
Alnus sinuata Mountain Alder 
Amelanchier ainifolia Serviceberry 
• Arctostaphylus uva-ursi Kinnikinnick 
• Ceanothus sanguineus Redstem ceanothus 
• Ceanothus velutinus Shiny-leaf ceanothus 
Chimaphila umbel!ata Prince's pine 
Cornus canadensis Bunchberry 
Holodiscus discolor Ocean Spray 
Linnaea boreal is Twinflower 
Lonicera utahensis Red Twinberry 
Menziesia ferruginea False Azalea 
Pachistima myrsinites Myrtle Boxwood 
Ribes lacustre Prickly Gooseberry 
Ribes viscosissimum Sticky Currant 
Rosa gymnocarpa Baldhip Rose 
• Rubus idaeus Red Raspberry 
Rubus parviflorus Thimbleberry 
• Rubus ursinus Trailing Blackberry 
Salix scouleriana Scouler's Willow 
Sambucus racemosa Black Elderberry 
Spirea betulifolia White Spirea 
Vaccinium globulare Blue Huckelberry 
Vaccinium scoparium Grouse Whortleberry 
SPECIES COMMON NAME 
FORBS 
• Achillea millefolium Yarrow 
Adenocalon bicolor Pathfinder 
• Anaphalis margaritacea Pearly Everlasting 
Arnica latfolia Mountain Arnica 
• Astragalus Milkvetch 
• Carduus nutans Musk Thistle 
• Chrysanthemum leucanthemum Oxeye Daisy 
• Cirsium vulgare Bull Thistle 
Clintonia uniflora Queencup 
Copt is occidental is Western Goldthread 
Epilobium angustifolium Fireweed 
• Epilobium minutum Small-flowered Willow-herb 
• Epilobium paniculatum Tall Annual Willow-herb 
Fragaria vesca Woods Straberry 
Fragaria virginiana Virginia Strawberry 
Galium triflorum Sweetscented Bedstraw 
• Geranium bicknellii Bicknell's Geranium 
Goodyera oblongifolia Western Rattlesnake Orchid 
Hieracium albifloum White Hawkweed 
• Lupinus Lupine 
Mi tell a breweri Brewer's Mitrewort 
• Mi tell a caulescens Leafy Mitrewort 
Pyrola pentandra Alpine Mitrewort 
Pyrola asarifolia Pink Wintergreen 
Pyrola secunda One-sided Wintergreen 
Senecio triangularis Arrowleaf Groundsel 
Smilacina stellata Starry False Solomon's Seal 
SPECIES COMMON NAME 
• Solidago canadensis Canada Goldenrod 
• Taraxacum officinale Common Dandelion 
Tiarella trifoliata Foamflower 
• Trifolium agrarium Hop Clover 
• Trifolim Clover 
Trillium ovatum Trillium 
Veratrum Corn Lily 
Viola orbiculata Round-Leaved Violet 
Xerophyllum tenax Beargrass 
GRAMINOIDS 
• Agropyron Wheatgrass 
Bromus vulgaris Columbia Brome 
Calamagrostis rubescens Pinegrass 
Carex Sedge 
• Carex geyeri Elk sedge 
Carex rossii Ross' Sedge 
• Dactyl is glomerata : Orchard Grass 
• Poa Bluegrass 
FERNS 
Athyrium filix-femina Common Lady Fern 
Dyopteris filix-mas Male Fern 
Equisetum arvense Common Horsetail 
Gymnocarpium dryopteris Oak Fern 
85 
moderate (OGROMB, STEMmb) and high (UNDRHB) burn sites as 
well as the no burn sites (i.e., all 3 structural groups). 
Trailing black raspberry was only present on STEMmb sites. 
Shiny-leaf ceanothus appeared on both burn severities and 
the no burn sites (OGROHB, STEMHB, STEMmb and UNDRnb), but 
redstem ceanothus occurred only on high burn sites (OGROHB 
and STEMhb). Kinnikinnick was observed in the high and 
moderate burns for stem exclusion (STEMHB, STEMHB) and the 
moderate and unburned treatments for understory reinitiation 
(UNDRMB, UNDRNB). 
Colonizer forbs that appeared only on burned (HIGH and 
MODERATE) sites included Chrysanthemum leucanthemum L. 
(oxeye daisy), Mitella caulescens Nutt. (leafy miterwort), 
Geranium bicknellii Britt. (Bicknell's geranium), and 
species of Astragalus L. (milkvetch) and lupinus L. 
(lupine). These species, with the exception of leafy 
miterwort (i.e., an uncommon species found on moist sites in 
northwestern Montana, Lackschewiz, 1991), are recognized as 
common early serai species on burned sites. 
Other colonizer forbs that appeared on burned and 
unburned sites were Achillea millifoilum L. (western 
yarrow), Cardus nutans L. (musk thistle), Cirsium 
vulgare{Savi) Tenore (bull thistle), Epilobium minutum 
Lindl. (small-flowered willow-herb), Epilobium paniculatum 
Nutt. (tall annual willow-herb), Solidago canadensis L. 
(Canada goldenrod), Taraxacum officinale Weber (common 
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dandelion), Trifolium agrarium L. (hop clover), and 
Trifolium L. spp. (clover). The thistle and willow-herb 
species were more common and often present with high amounts 
of cover (i.e., up to 30 percent for thistles and 20 percent 
for willow-herbs). 
Graminoid colonizers were Carex geyeri Boott (elk 
sedge), Dactylis glomerata L. (orchard grass), species of 
Poa L. (bluegrass) and agropyron (wheatgrass), and one 
unidentified grass species. Elk sedge and bluegrass species 
were observed across all treatments and structural groups, 
but wheatgrass was only present in the UNDRHB. 
No fern species were defined as colonizers. However, 
Gymnocarpium dryopteria (L.) Newm. (oak fern) and Dryopteris 
filix-mas (L.) Schott (male fern) did not appear in the 
control group STEM, but were observed in the STEMmb and 
STEMnb sites. Both are indicative of moist to wet site 
conditions, with oak fern most often found in deep shade 
within the study area. Although, it was unusual that oak 
fern was recorded on disturbed sites with little overstory 
cover (i.e., both burn severities and no burn conditions), 
it's presence may have been limited to protected sites 
(i.e., under logs, moist swales). 
Residual shrubs occurred on both burn severities and no 
burn sites. Canopy cover of residual shrubs generally 
increased following treatment (i.e., all types), except for 
a few species which appear to be more sensitive to 
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disturbance within the study area: Cornus canadensis L. 
(bunchberyy), and Vaccinium scoparium Leiberg (grouse 
whortleberry). 
Residual forbs also increased or maintained 
predisturbance cover values following treatment (i.e., 
burned or unburned). In particular, Adenocaulon bicolor 
Hook, (pathfinder), Anaphalis margaritacea (L.) B. & H. 
(pearly everlasting), Clintonia uniflora (Schult.) Kunth 
(queencup), Coptis occidentalis (Nutt.) T. & G. (western 
gold thread), Epilobium angustifolia L. (fireweed), and 
Smilacina stellata (L.) Desf. (starry false Soloman's seal) 
were ubiquitous on most sites and occurred across all 
treatments and structural groups. Other species such as 
Arnica latifolia Bong, (mountain arnica), Fragaria vesca L. 
(woods strawberry), Fragaria virginiana Duchesne (Virginia 
strawberry), Galium triflorum Michx (sweet scented 
bedstraw), Goodyera oblongifolia Raf. (western rattlesnake 
orchid), Hieracium albiflorum Hook, (white hawkweed), 
Mitella breweri Gray (Brewer's mitrewort), Pyrola asarifolia 
Michx (pink wintergreen), Pyrola secunda L. (one-sided 
wintergreen), Tiarella trifoliata L. (foamflower), Trillium 
ovatum Pursh (trillium), Viola orbiculata Geyer (round-
leaved violet), and Xerophyllum tenax (Pursh) Nutt. 
(beargrass) had variable responses (i.e., sometimes 
occurring on one or both burn severity types, or a 
combination of burn severity and no burn). Additionally, 3 
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species occurred only in the OGRO groups: Mitella pentandra 
Hook, (alpine mitrewort), Senecio triangularis Hook, 
(arrowleaf groundsel), and Veratrum L. (corn lilly). Alpine 
mitrewort was not present on the burned sites which may 
indicate a sensitivity to burning. Arrowleaf groundsel and 
corn lilly are wet site species and may be more indicative 
of moisture conditions rather than old growth 
characteristics. 
Residual graminoids observed in both burned and 
unburned sites were Bromus vulgaris (Hook.) Shear (Columbia 
brome), and Calamagrostis rubescens Buckl. (pinegrass). 
Carex rossii Boott (Ross' sedge) was only present in the 
high burn severity sites (0GR0HS and UNDRHS). This species 
has been described by Klinka and others (1989) and 
Lackschewitz (1991) as a carex which often occupies open, 
disturbed sites. Ross's sedge was coded as a residual 
although it was only observed as a residual in the OGRO 
control group. Graminoids appeared to increase following 
treatment, sometimes with cover values as great as 40 
percent. 
Residual fern species appeared on both burn severities 
and unburned sites. Gymnocarpium dryopteria (L.) Newm. (oak 
fern), Dryopteris filix-mas (L.) Schott (male fern), 
Athyrium filix-femina (L.) Roth (common lady-fern), and 
Equisetum arvense L. (common horsetail) generally increased 
in cover on moderate burn and no burn sites, and maintained 
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cover values (i.e., mean cover) similar to control groups on 
high burn sites. These species appear to survive burning if 
their root crowns are not severly damaged or they are 
present in semi-protected microsites (i.e., under logs, 
moist swales, rock crevices). 
The groups stratified by time since disturbance had 
similar trends for colonizer and residual species (i.e., 
shrubs, forbs, and graminoids). Shrubs and graminoids 
generally increased in cover after the first 5 years. No 
distinctive trends were observed for forbs. Ferns did not 
have cover values greater than 5 percent for this strata, 
and therefore were not assessed. 
Predisturbance stand structure was characterized using 
average tree density (0.1 acre), height (feet), and cover by 
size class (i.e., seedling, sapling, pole, medium, large, 
and very large) for tolerant and intolerant species. Modal 
plots for each structural stage group (OGRO, UNDR, STEM) 
were used to describe the ratio of tolerant and intolerant 
species. 
Structural attributes of the old growth stage (Figure 
11) were characterized by a greater number of tolerant 
species (i.e., western redcedar, Engelmann spruce, subalpine 
fir, Pacific yew) in the smaller size classes (i.e., 
seedling, sapling, and pole). Larger sized tolerant species 
(i.e., medium, large, and very large) were represented by 
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Figure 11. Old growth (modal plot) 
average canopy cover, density, and 
height for tolerant and intolerant 
tree species by diameter size class. 
Tolerant species are: Engiemann 
spruce (ES), subalpine fir (SF), 
western redcedar (RC), and Pacific 
yew (PY). intolerant species are: 
western white pine (WP), Douglas-fir 
(DF), and western larch (WL). Size 
classes are: seedling (SE), sapling 
(SA), pole (FT), medium (MT), large 
(LT), and very large (VL) (Table 1). 
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(i.e., western larch, western white pine) also had few 
(i.e., 4) individuals in the larger size classes. Average 
tree heights were greater for intolerant species across all 
size classes except seedlings. However, canopy cover (i.e., 
sum of individual cover estimates within each size class) 
was greater for tolerant species having diameters less than 
21 inches. In particular, the pole size class represented 
40 percent cover, twice as much as any other size class 
cover value. Large tree canopy cover was equal, and very 
large tree cover was represented by a single western larch 
individual. 
This type of vertical stratification was typical for 
old growth stages located on lower and mid-slope positions 
throughout the study area. Emergent species such as western 
larch were often observed in this structural stage type. 
However, old growth stands located in draws, seeps, or other 
moist sites typically were dominated by very large (84 to 
109 centimeter or 33 to 43 inch diameter) western redcedar. 
These stands often had a grove like appearance as described 
by Parker (1986). Intolerant species, when present in these 
moist site stands, were few and typically represented by 
large western white pines, less often by Douglas-fir. This 
difference in species composition was attributed to the 
historic fire regimes that operated within the study area. 
For example, historic photographs (i.e., 1933 aerial 
photogrpahs obtained from the Lolo National Forest) of the 
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Fish Creek watershed had narrow bands of western redcedar in 
riparian areas. Major firesin the study area have been 
recorded (Losensky, 1994) in 1889, 1910, and 1917. These 
wet sites probably experienced lower severity fires which 
did not consume the organic layer or overstory canopies 
(i.e., fire scars were observed on several large diameter 
western redcedars in this site type). This condition would 
not have favored the establishment of western larch or other 
similar species that prefer mineral seed beds and little 
shading. 
The opposite occurred on the drier slopes adjacent to 
the riparian zones. Moderate to high severity wildfires 
(i.e., late 1800's and early 1900's) that burned 
considerable acreage in the study area consumed much 
standing timber across many slopes. Few relict trees 
remained (i.e., mostly western larch and Douglas-fir, rarely 
a western redcedar or western white pine) and the thickness 
of organic material remaining on the forest floor was 
probably minimal. This type of condition would have favored 
the establishment of western larch, lodgepole pine, Douglas-
fir and other less shade tolerant species (i.e., dependent 
upon available seed source). Reestablishment of western 
redcedar was probably dependent on upon available seed 
sources in draws, riparian zones, seeps, or other protective 
microsites. Historic fire regimes and topographic position 
may have had a strong influence on the current location of 
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old growth western redcedar stands, and the initial species 
composition of the subsequent cohorts which established 
within the study area. 
Structural attributes of the understory reinitiation 
stage (Figure 12) were characterized by high seedling 
densities (i.e., 257) of shade tolerant species (i.e., 
western redcedar, grand fir, mountain hemlock) and lower 
densities in the remaining size classes. Intolerant species 
(i.e., Douglas-fir and western white pine), primarily 
saplings and a few large trees, comprised a relatively small 
proportion of the stand. However, tree heights were greater 
for intolerants. For example, the average height of large 
diameter western white pines was approximately 18 meters (60 
feet) taller than the average of western redcedars within 
the same medium and large tree size classes. Although 
larger diameter intolerant species had greater heights, they 
were fewer in number and therefore had less canopy cover 
than tolerant species (i.e., western redcedar). The 
following characteristics were typical of many stands in the 
understory reinitiation stage within the study area: 1) a 
high density of seedling and sapling tolerants; 2) an 
absence of intolerant species in several size classes (i.e., 
seedling, pole, medium, and very large tree); and 3) a 
relatively even distribution of canopy cover for tolerants 
across size classes with lesser amounts of cover for the 
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Figure 12. Understory reinitiation 
(modal plot) average canopy cover, 
density, and height for tolerant and 
intolerant tree species by diameter 
size class. Tolerant species are: 
grand fir (GF) and western redcedar 
(RC). Intolerant species are: western 
white pine (WP) and Douglas-fir (DF). 
Size classes are: seedling (SE), 
sapling (SA), pole (PT), medium 
(MT), large (LT), and very large 
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intolerant seedlings. 
The process of stand development within the understory 
reinitiation stage favors the establishment of tolerant 
species in the understory, and supports vertical diversity 
of size classes. Intolerant seedlings (i.e., Douglas-fir 
and western white pine) establish in openings created by 
minor within-stand disturbances such as windthrow of 
standing live trees and gaps related to the mortality of 
individual or small groups of trees. Windthrow is a common 
disturbance throughout the study area due to shallow soils 
overlying rocky subsurface horizons (i.e., most stands 
showed evidence of historic pit and mound topography from 
this disturbance). Other causes of tree mortality were 
related to pathogens (e.g., root and heart rots), insect 
attacks (e.g., western pine beetle, Douglas-fir beetle), and 
white pine blister rust. A dense understory of western 
redcedar and the presence of high fuel loadings make this 
structural stage at risk for stand replacement fire events 
(i.e., crown fires are more likely to occur due to vertical 
stratification of live and dead fuels). The adjacency of 
this type of structural stage to old growth stands increases 
the risk of stand replacing fire events within sites that 
historically experienced low to moderate burn severities. 
The stem exclusion stage (Figure 13) was characterized 
by high densities of tolerants in the seedling (i.e., 174) 
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Figure 13. Stem exclusion (modal 
plot) average canopy cover, density, 
and height for tolerant and intolerant 
tree species by diameter size class. 
Tolerant species are: subalpine fir 
(SF), grand fir (GF), and western 
redcedar (RC). Intolerant species 
are: Douglas-fir (DF) and western 
larch (WL). Size classes are: 
seedling (SE), sapling (SA), pole 
(PT), medium (MT), large (LT), and 
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pole and medium sized individuals (i.e., primarily western 
redcedar and fewer subalpine fir). Intolerants (i.e., 
Douglas-fir, and western larch) had greater densities in the 
medium size class, fewer representatives in the sapling and 
pole classes, and none in the seedling class. Larger trees 
(i.e., greater than 53 centimeters or 21 inches diameter) 
were absent for both tolerance groups. The heights of 
intolerant species were slightly higher than tolerants for 
medium and sapling sized trees, but less for poles. This 
relativly even distribution of heights in the stem exclusion 
stage was in contrast to the old growth and understory 
reinitiation structures. Canopy cover (i.e., the sum of 
size classes), was predominately associated with 
intolerants. In particular, medium sized intolerants, which 
had higher densities (i.e., 15 to 1) and an average height 
of 27 meters (90 feet), dominated the upper stratum (i.e., 
40 percent canopy cover). The remaining intolerants and 
pole sized tolerants had an average cover of 35 percent and 
were within approximately 11 meters (35 feet) of the upper 
stratum. Canopy cover of the upper strata was relatively 
high and therefore unfavorable to the establishment of 
intolerant seedlings. However, many small sized western 
redcedar individuals were dominant in the understory. 
The condition observed in nearly all stands in the stem 
exclusion stage was in contrast to the definition provided 
by Oliver (1981). Specifically, this structural stage was 
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described as having an upper canopy of closely spaced crowns 
and lacking seedling establishment in the understory. But 
in western redcedar stands within the study area, the stem 
exclusion stage commonly had a moderate to dense understory 
of western redcedar seedlings and saplings (i.e., in some 
cases, the understory was nearly impenetrable). Western 
redcedar appears to have the ability to regenerate with a 
minimal amount of growing space and in deep shade. Parker 
(1979) found that many western redcedar seedlings were 
actually "veglings", having reproduced through vegetative 
layering. This condition was not tested in the study area, 
however, some veglings may have been present (i.e., 
reproduction by seed appeared to be the primary method of 
establishment). The majority of sampled stands in the stem 
exclusion stage appeared to have initiated following a stand 
replacement fire (i.e., charcoal on the forest floor and 
mixed within the organic layers, and charred standing snags 
were observed in most of the stands). The relatively rapid 
establishment of western redcedar on these mid- and lower-
slope positions (i.e., approximately 75 years since the most 
recent stand replacing event), may be related to: 1) an 
abundant cone crop prior to the wildfire event; and/or 2) 
wind dissiminated seed from adjacent stands. The dense 
understories of western redcedar typical of the stem 
exclusion stage create a high fire risk similar to that of 
the understory reinitiation stage. 
99 
Developmental pathways for each structural stage 
group were illustrated using density ratios of tolerant and 
intolerant species. The chronosequences depicted in Figures 
14 through 16, were based on the following assumptions: 1) 
viable seed crops were limited to individuals greater than 9 
inches in diameter (i.e., although it was recognized that 
some species can produce seed crops at a young age or as 
small diameter trees); 2) all species had average seed crops 
prior to the disturbance; 3) the season of disturbance was 
the same for all scenarios; 4) intolerant species attained 
greater heights more rapidly than tolerants (O'Hara, 1994); 
5) the relative rate of stand development (i.e., based on 
time to reach crown closure in the stem exclusion stage) 
occurred more rapidly when seedling densities were higher 
during the stand initiation stage; 6) no major stand 
replacement events occurred within the projected 100 year 
time period; and 7) site conditions (e.g., soils, aspect, 
elevation) and climatic events were the same for each 
scenario. 
Treatment group ratios were based on the number of 
seedlings present within the first 20 years following a 
major stand replacing event. Control group ratios were 
based on the number of individuals greater than 0.23 meters 
(9 inches) in diameter. Average density and ratios of 
tolerant and intolerant species are presented in Table 11. 
Disturbance scenarios, which included harvest and burning, 
B 
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Figure 14. Chronosequences for harvest and HIGH BURN. Structural stageare (from top down): Stem exclusion 
(STEM), understory reinitiation (UNDR), and old growth (OGRO). Stand structures were based on average density ratios 
of tolerant (represented by shaded trees) and intolerant (represented by un-shaded trees) species (Table 11). 
Developmental pathways start with a stand replacing event (A) and progress through INIT (B) and STEM (C) stages. At 
time sequence D (approximately 100 years) stands with high seedling densities were in the UNDR stage. Stands with 
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Figure 15. Chronosequences for harvest and MODERATE burn. Structural stages (from top down): Stem exclusion 
(STEM), understory reinitiation (UNDR), and old growth (OGRO). Stand structures were based on average density ratios 
of tolerant (represented by shaded trees) and intolerant (represented by un-shaded trees) species (Table 11). 
Developmental pathways start with a stand replacing event (A) and progress through INIT (B) and STEM (C) stages. At 
time sequence u (approximately 100 years) stands with high seedling densities were in the UNDR stage. Stands with m 
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Paure 16. Chronosequences for harvest and NO BURN. Structural stages are (from top down): Stem exclusion 
(STEM), understory reinitiation (UNDR). and old growth (OGRO). Stancfetructures were based pn average density ratios 
of tolerant (represented by shade trees) and intolerant (represented by un-shaded trees) species (Table 11). 
Developmental pathways start with a stand replacing event (A) and progress through INIT (B) and STEM (C) stages. At 
time sequence D (approximately 100 years) stands with high seedling densities were in the UNDR stage. Stands with 




Table 11. Mean density (individuals per 0.1 acre) of 
TOLERANT (T) and INTOLERANT (I) species for the western 
redcedar dataset. Density values (grouped into greater than 
9 inch dbh and less than 1 inch dbh classes) are presented 
as a ratio of tolerant to intolerant (T:I) species and for 
individual species. Tolerant species include: Engelmann 
spruce (ES), grand fir (GF), mountain hemlock (MH), Pacific 
yew (PY), western redcedar (RC), and subalpine fir (SF). 
Intolerant species include: Douglas-fir (DF), lodgepole 
pine (LP), ponderosa pine (PP), western larch (WL), and 
western white pine (WP). Structural groups are: old growth 
(O), understory reinitiation (U), and stem exclusion (S). 
Disturbance types (preceeded by the first letter of the 
structural stage group are: high burn (HB), moderate burn 
(MB), and no burn (NB). Mean densities less than 1 are 
represented by a plus sign (+). 
T: I E G M p R S D L P w W 
T I S F H Y C F F P P L P 
GREATER THAN 9 INCHES DBH 
0 10 3 3:1 1 + 0 0 9 + 1 0 0 + + 
U 5 4 1:1 + 3 0 0 2 + 2 1 + 1 + 
S 2 4 1:2 + + 0 0 1 + 2 1 0 1 + 
LESS THAN 1 INCH DBH 
OHB 7 13 1:2 0 7 0 0 0 0 0 10 0 3 0 
UHB 327 96 3:1 138 35 0 18 136 0 21 2 3 53 17 
SHB 30 85 1:3 2 16 0 0 10 2 53 6 1 23 2 
0MB 216 79 3:1 4 1 0 0 209 2 46 1 0 30 2 
UMB 74 82 1:1 5 26 0 1 40 2 41 6 0 25 10 
SMB 55 52 1:1 5 12 1 0 33 4 30 2 1 12 7 
ONB 85 5 17:1 4 33 0 1 32 15 4 0 0 1 0 
UNB 145 68 2:1 10 24 0 6 94 11 20 2 0 29 17 
SNB 133 70 2:1 0 61 0 2 53 17 50 7 0 2 11 
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and harvest without burning (HIGH, MODERATE, and NO BURN), 
were illustrated for each structural group. Each stand 
initiation structural stage was projected forward in time 
for the different disturbance scenarios. The projected time 
period was set at approximately 100 years which was similar 
to the most recent historic stand replacing fire events 
within the study area (i.e., thus old growth was not 
reached). The estimated rate of stand development over the 
100 year period was based on the relative density and ratio 
of tolerant to intolerant seedlings present in the sampled 
stands. 
The ratio of tolerant to intolerant species for the 
control groups were: STEM 1:2, UNDR 1:1, and OGRO 3:1. The 
harvest and high burn scenario (Figure 14) for the cohort 
initiating from the stem exclusion stage (STEMHB) depicted a 
1:3 ratio of seedlings, low density, and a relatively slow 
rate of development towards stem exclusion. At year 100 the 
stand was transitional to understory reinitiation. The 
overstory was dominated by Douglas-fir, western larch, and 
lodgepole, with an understory primarily of grand fir and 
western redcedar. 
In contrast, the understory reinitiation high burn 
(UNDRhb) group began with a high density of seedlings and a 
3:1 ratio of tolerants and intolerants. This stand was 
projected forward at a faster rate of development because of 
the higher density (i.e., assumes a linear relationship 
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between density and rate of development). Consequently, at 
year 100, this stand reached the understory reinitiation 
stage. Overstory composition was a mix of tolerant and 
intolerant species (i.e., predominately western larch, 
Douglas-fir, western white pine, western redcedar, and 
Engelmann spruce), with an understory of western redcedar 
and Engelmann spruce. Tolerant species appeared in the 
overstory because the initial ratio of seedlings favored 
tolerants 3 to 1. This condition enhanced concurrent 
stratification of tolerants and intolerants during the stand 
development process. 
Development of the cohort originating from old growth 
high burn (0GR0HB) stage began with a low density of 
seedlings and a 1:2 ratio. Similar to the STEM group, this 
cohort had an extended period of early stand development due 
to low numbers of seedlings following disturbance. Stand 
composition at year 100 was made up of an overstory 
dominated by lodgepole pine and western larch, with an 
understory primarily grand fir and few western redcedar. 
Stand composition was based upon the fact that western 
redcedar was absent for the first 20 years in this group. 
After the first 20 years, it was assumed that western 
redcedar began to establish in the understory. The presence 
or absence of tolerants in the overstory at year 100 was 
related to species composition during the stand initiation 
stage rather than seedling density. Rate of development was 
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attributed to seedling density following disturbance (lower 
densities take longer to reach stem exclusion). Vertical 
stratification was influenced by: 1) density (i.e., lower 
densities allow individuals to optimize on available growing 
space); 2) species composition (i.e., intolerant species 
such as western larch and lodgepole pine had greater heights 
as seedlings and saplings than tolerants). For example, it 
was assummed that given low densities and a ratio favoring 
intolerants, that the intolerants would: 1) have better 
growth rates; 2) maintain a dominant position in the 
overstory; 3) continue to establish in the understory for a 
longer period of time; and 4) remain in the initiation phase 
for an extended period of time. 
The moderate burn scenario (Figure 15) portrayed 
similar pathways for the STEM and UNDR groups. The stand 
initiation phase began with relatively low densities, equal 
tolerance ratios (i.e., 1:1), and similar species 
composition (i.e., western redcedar, grand fir, Douglas-fir, 
western larch, and western white pine). However, the cohort 
which established from the OGRO structural stage, initiated 
with a high seedling density and a 3:1 ratio of tolerants to 
intolerants. Western redcedar dominated the tolerant 
species, and intolerants were primarily a mix of Douglas-fir 
and western larch (i.e., very few western white pine 
seedlings were present). At year 100 the cohorts which 
initiated from the STEM and UNDR groups were transitional to 
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the understory reinitiation phase with an overstory 
dominated by Douglas- fir and western larch. But the OGRO 
cohort had a mixed species overstory and had developed at a 
faster rate during the same time period. 
Cohorts that initiated following harvest without 
burning (Figure 16) had two different rates of development 
and various combinations of species in the overstory at year 
100. The STEM and UNDR cohorts progressed more quickly 
through the stand initiation phase than did the OGRO cohort 
(i.e., due to differences in initial seedling densities). 
Species composition of the STEM cohort was dominated by 
Douglas-fir and western white pine, with a few lodgepole in 
the overstory. Understory species included grand fir, 
western redcedar and some subalpine fir. In contrast, the 
UNDR cohort was dominated by western larch, mixed with 
relatively similar amounts of Douglas-fir and western white 
pine. The understory was predominately western redcedar 
with minor amounts of grand fir and subalpine fir. A much 
different condition existed for the OGRO cohort. Western 
redcedar and grand fir seedlings dominated with a 17:1 
ratio. Very few intolerants (i.e., Douglas-fir and western 
larch) were present initially. The projected 
chronosequences resulted in two cohorts with overstory 
dominants of intolerant species, and one cohort with 
tolerants dominant in the overstory at year 100. The OGRO 
cohort remained in a transitional phase between late stem 
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exclusion and early understory reinitiation, whereas the 
other cohorts had progressed at a more rapid rate over the 
same period of time. 
The predicted chronosequences suggest that stand 
development was related to predisturbance structure, species 
composition of mature (i.e., cone bearing) trees, and 
disturbance intensity. Rates of stand development of newly 
established cohorts was related to seedling density and 
initial species composition. These predictions assumed that 
no major disturbances occurred for 100 years, and that other 
factors affecting tree growth (e.g., site potential, 
climate, and minor disturbances) were equal. Since these 
factors seldom operate evenly across stands (Cobb and 
others, 1993), these predicted chronosequences are at best 
an estimate of optimal conditions. 
CONCLUSION 
This simplistic approach to modelling stand dynamics 
indicates that many pathways and rates of development are 
possible following a major disturbance event in western 
redcedar stands within the study area. The various 
responses to similar disturbance types and severity appear 
related to predisturbance stand structure, species 
composition, and time since disturbance. Results of the 
preliminary tests of the hypotheses did not reveal a primary 
influencing variable. Rather, the results suggest that 
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interactions among variables analyzed may determine the 
response of individual stands to a particular disturbance 
scenario. These results do not exclude the possibility that 
other primary or secondary variables may exist. 
Information gained from this analysis indicate that 
further hypothesis testing is needed to enhance the current 
level of understanding related to the process of stand 
development. In particular, the complex interactions 
between variables (i.e., stand structure, species 
composition, time since disturbance, rooting depth, and 
aspect) need to be understood in order to: 1) improve 
interpretions related to stand conditions and processes 
(i.e., historic and current); 2) form a basis for sound 
decision making related to management of forest ecosystems; 
and 3) provide input to predictive models of stand 
development and associated processes such as fire, insects 
and pathogens, nutrient cycles, and biomass production. 
These processes interact and influence other components of 
the ecosystem such as forest health, biodiversity, and 
species movement (i.e., plant and animal) within and across 
adjacent ecosystems. 
Results of this analysis provide useful information 
relative to stand development processes in western redcedar 
stands. For example, the results demonstrate that western 
redcedar: 1) effectively competes for growing space 
occupancy during the initial development of a stand (i.e., 
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assuming an available seed source and favorable site 
conditions for establishment exist); 2) once established, 
often maintains high densities in the lower strata during 
the stem exclusion stage; 3) in some cases, exists as a 
dominant or codominate species in the upper strata during 
all four stages of stand development; 4) seedling densities 
often equal or exceed densities of other tolerant species 
(i.e., grand fir and Engelmann spruce) or intolerant species 
(i.e., western larch and Douglas-fir) within the first 20 
years following harvest and burning or harvest and no 
burning; and 5) establishment does not appear to be 
discouraged by high or medium burn severities. 
These apparent trends suggest that western redcedar, in 
some mixed species stands, aggressively competes for growing 
space occupancy initially and throughout the process of 
stand development. This behavior is in contrast with 
earlier descriptions of stand development based on climax 
theory (i.e., habitat types). In particular, western 
redcedar is often described as a shade-tolerant climax 
species that does not usually gain dominance in the 
overstory for several hundred years (Pfister and others, 
1977; Habeck, 1968). The implications of these trends are 
important to management of mixed species stands. For 
example, high densities of western redcedar during stand 
initiation and stem exclusion stages, discourages 
recruitment of intolerant species such as western larch, and 
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western white pine which prefer less shade. Regeneration 
strategies for even-aged management of shade intolerant 
species will require intensive management (e.g., thinning or 
understory burning) of western redcedar to achieve maximum 
production of favored species. 
Historically, western redcedar stands within the study 
area were probably maintained by relatively frequent low 
severity fires and less frequent high severity fires. This 
type of fire regime would have discouraged dense 
understories of western redcedar (i.e., small diameter, 
immature individuals are susceptible to fire due to thin 
bark, crown structure, and the presence of many small, dead 
twigs along the lower portions of the stem). Presently, 
many western redcedar stands (i.e., on the Ninemile and 
Superior Districts, Lolo National Forest) are in the stem 
exclusion and understory reinitiation stages of development. 
The high density of western redcedar individuals in the 
understory and upper stratums of these stands represents a 
high fire risk situation. For example, Anderson (1982) 
describes the important fuel characteristics necessary for 
predicting fire behavior as being the amount, size and shape 
of fuels, horizontal continuity and vertical arrangement, 
moisture content, and chemical content. Given a sustaining 
fire, the existing horizontal and vertical arrangement of 
fuels (i.e., dense understory and ladder fuels which reach 
into the crown of live trees) are likely to result in a 
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crown fire. This high risk fire situation can be attributed 
to fire protection of these stand since the late 1930's. 
Thus, management strategies designed to protect these 
ecosystems has actually created a high risk situation, and 
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Appendix A. Listing of habitat types present in the 
validation dataset stratified by temperature-moisture 
gradient: LOW (hot/dry), MID (warm/dry), and HIGH 
(cold/moist). The number of plots by habitat type and 
author are coded as: #C (Cooper and others, 1975); #P 
(Pfister and others, 1977); and #S (Steele and others, 
1983). 
HABITAT TYPE CODE COMMON NAME #C #P #S 
JLAZHAT C HOTYJDRY ) GROZJF* 
PINPON FESIDA PONDEROSA PINE/IDAHO FESCUE 1 
PINPON FESIDA FESIDA PONDEROSA PINE/IDHAO FESCUE/IDAHO 
FESCUE 
1 
PINPON PURTRI PONDEROSA PINE/BITTERBRUSH 1 
PINPON SYMALB PONDEROSA PINE/SNOWBERRY 1 
PINPON SYMALB BERREP PONDEROSA PINE/SNOWBERRY/OREGON 
GRAPE 
1 
PSEMEN DOUGLAS-FIR 3 
PSEMEN AGRSPI DOUGLAS-FIR/BLUEBUNCH WHEATGRASS 1 
PSEMEN ARCUVA DOUGLAS-FIR/KINNIKINNICK 1 
PSEMEN CALRUB DOUGLAS-FIR/PINEGRASS 1 
PSEMEN CALRUB ARCUVA DOUGLAS-FIR/PINEGRASS/KINNIKINNICK 6 
PSEMEN CALRUB CALRUB DOUGLAS-FIR/PINEGRASS/PINEGRASS 7 
PSEMEN CALRUB PINPON DOUGLAS-FIR/PINEGRASS/PONDEROSA 
PINE 
2 
PSEMEN CARGEY DOUGLAS-FIR/ELK'S SEDGE 2 
PSEMEN FESIDA DOUGLAS-FIR/IDAHO FESCUE 1 
PSEMEN FESIDA FESIDA DOUGLAS-FIR/IDAHO FESCUE/IDAHO 
FESCUE 
2 
PSEMEN FESIDA PINPON DOUGLAS-FIR/IDAHO FESCUE/PONDEROSA 
PINE 
1 
PSEMEN FESSCA DOUGLAS-FIR/ROUGH FESCUE 3 
PSEMEN LINBOR CALRUB DOUGLAS-FIR/TWINFLOWER/PINEGRASS 3 
PSEMEN LINBOR SYMALB DOUGLAS-FIR/TWINFLOWER/SNOWBERRY 2 
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HABITAT TYPE CODE COMMON NAME #C #P #S 
PSEMEN LINBOR VACGLO DOUGLAS-FIR/TWINFLOWER/BLUE 
HUCKLEBERRY 
5 
PSEMEN PHYMAL DOUGLAS-FIR/NINEBARK 1 
PSEMEN PHYMAL CALRUB DOUGLAS-FIR/NINEBARK/PINEGRASS 2 
PSEMEN PHYMAL PHYMAL DOUGLAS-FIR/NINEBARK/NINEBARK 5 2 2 
PSEMEN SYMALB DOUGLAS-FIR/SNOWBERRY 1 2 
PSEMEN SYMALB CALRUB DOUGLAS-FIR/SNOWBERRY/PINEGRASS 3 
PSEMEN SYMALB SYMALB DOUGLAS-FIR/SNOWBERRY/SNOWBERRY 2 
PSEMEN VACCAE DOUGLAS-FIR/DWARF HUCKLEBERRY 3 
PSEMEN VACCAE CALRUB DOUGLAS-FIR/DWARF 
HUCKLEBERRY/PINEGRASS 
1 
PSEMEN VACGLO DOUGLAS-FIR/BLUE HUCKLEBERRY 1 
PSEMEN VACGLO ARCUVA DOUGLAS-FIR/BLUE 
HUCKLEBERRY/KINNIKINNICK 
1 
PSEMEN VACGLO XERTEN DOUGLAS-FIR/BLUE 
HUCKLEBERRY/BEARGRASS 
8 
MID ( WARM/£>J?3T ) GROZJF* 
ABIGRA ASACAU ASACAU GRAND FIR/GINGER/GINGER 1 
ABIGRA ASACAU MENFER GRAND FIR/GINGER/MENZIESIA 1 
ABIGRA CLIUNI ARANUD GRAND FIR/QUEENCUP BEADLILY/WILD 
SARSAPARILLA 
5 
ABIGRA CLIUNI CLIUNI GRAND FIR/QUEENCUP 
BEADLILY/QUEENCUP BEADLILY 
4 2 
ABIGRA CLIUNI PHYMAL GRAND FIR/QUEENCUP 
BEADLILY/NINEBARK 
3 
ABIGRA CLIUNI XERTEN GRAND FIR/QUEENCUP 
BEADLILY/BEARGRASS 
1 2 
ABIGRA LINBOR GRAND FIR/TWINFLOWER 1 
ABIGRA LINBOR LINBOR GRAND FIR/TWINFLOWER/TWINFLOWER 2 
ABIGRA LINBOR XERTEN GRAND FIR/TWINFLOWER/BEARGRASS 1 
ABIGRA PHYMAL PHYMAL GRAND FIR/NINEBARK/NINEBARK 5 
ABIGRA SPIBET GRAND FIR/SPIREA 1 
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HABITAT TYPE CODE COMMON NAME #C #P #S 
ABIGRA XERTEN GRAND FIR/BEARGRASS 5 
ABIGRA XERTEN COPOCC GRAND FIR/BEARGRASS/WESTERN 
GOLDTHREAD 
1 
ABIGRA XERTEN VACGLO GRAND FIR/BEARGRASS/BLUE 
HUCKELBERRY 
1 
ABIGRA XERTEN XERTEN GRAND FIR/BEARGRASS/BEARGRASS 1 
ABILAS CALRUB SUBALPINE FIR/PINE GRASS 2 
ABILAS CLIUNI SUBALPINE FIR/QUEENCUP BEADLILY 3 
ABILAS CLIUNI ARANUD SUBALPINE FIR/QUEENCUP 
BEADLILY/WILD SARSAPARILLA 
5 
ABILAS CLIUNI CLIUNI SUBALPINE FIR/QUEENCUP 
BEADLILY/QUEENCUP BEADLILY 
4 
ABILAS CLIUNI MENFER SUBALPINE FIR/QUEENCUP 
BEADLILY/MENZIESIA 
2 3 
ABILAS CLIUNI XERTEN SUBALPINE FIR/QUEENCUP 
BEADLILY/BEARGRASS 
4 
ABILAS GALTRI SUBALPINE FIR/SWEETSCENTED 
BEDSTRAW 
1 
ABILAS LINBOR SUBALPINE FIR/TWINFLOWER 1 
ABILAS LINBOR LINBOR SUBALPINE 
FIR/TWINFLOWER/TWINFLOWER 
1 
ABILAS LINBOR VACSCO SUBLAPINE FIR/TWINFLOWER/GROUSE 
WHORTLEBERRY 
3 
ABILAS LINBOR XERTEN SUBALPINE FIR/TWINFLOWER/BEARGRASS 3 
ABILAS LUZHIT SUBALPINE FIR/SMOOTH-WOODRUSH 1 1 
ABILAS LUZHIT MENFER SUBALPINE FIR/SMOOTH-
WOODRUSH/MENZIESIA 
4 
ABILAS LUZHIT VACSCO SUBALPINE FIR/SMOOTH-
WOODRUSH/GROUSE WHORTLEBERRY 
4 
ABILAS MENFER MENFER SUBALPINE FIR/MENZIESIA/MENZIESIA 4 
ABILAS MENFER LUZHIT SUBALPINE FIR/MENZIESIA/SMOOTH-
WOODRUSH 
2 




HABITAT TYPE CODE COMMON NAME #C #P #S 
ABILAS STRAMP SUBALPINE FIR/TWISTEDSTALK 1 
ABILAS VACCAE SUBALPINE FIR/DWARF HUCKELBERRY 4 
ABILAS VACCAE VACCAE SUBALPINE FIR/DWARF 
HUCKELBERRY/DWARF HUCKELBERRY 
1 
ABILAS VACGLO SUBALPINE FIR/BLUE HUCKELBERRY 1 
ABILAS VACGLO XERTEN SUBALPINE FIR/BLUE 
HUCKELBERRY/BEARGRASS 
1 
ABILAS VACSCO SUBALPINE FIR/GROUSE WHORTLEBERRY 1 
ABILAS VACSCO CALRUB SUBALPINE FIR/GROUSE 
WHORTLEBERRY/PINEGRASS 
3 
ABILAS VACSCO VACSCO SUBALPINE FIR/GROUSE 
WHORTLEBERRY/GROUSE WHORTLEBERRY 
3 
ABILAS XERTEN SUBALPINE FIR/BEARGRASS 1 
ABILAS XERTEN COPOCC SUBALPINE FIR/BEARGRASS/WESTERN 
GOLDENTHREAD 
2 
ABILAS XERTEN VACGLO SUBALPINE FIR/BEARGRASS/BLUE 
HUCKELBERRY 
5 10 
ABILAS XERTEN VACSCO SUBALPINE FIR/BEARGRASS/GROUSE 
WHORTLEBERRY 
1 11 
THUPLI ADIPED WESTERN REDCEDAR/MAIDENHAIR FERN 3 
THUPLI ASACAU ASACAU WESTERN REDCEDAR/GINGER/GINGER 7 
THUPLI ASACAU MENFER WESTERN REDCEDAR/GINGER/MENZIESIA 3 
THUPLI ATHFIL ATHFIL WESTERN REDCEDAR/LADY FERN/LADY 
FERN 
2 
THUPLI CLIUNI ARANUD WESTERN REDCEDAR/QUEENCUP 
BEADLILY/WILD SARSPARILLA 
1 
THUPLI CLIUNI CLIUNI WESTERN REDCEDAR/QUEENCUP 
BEADLILY/QUEENCUP BEADLILY 
5 7 
THUPLI CLIUNI MENFER WESTERN REDCEDAR/QUEENCUP 
BEADLILY/MENZIESIA 
3 4 
THUPLI GYMDRY WESTERN REDCEDAR/OAK FERN 2 
THUPLI OPLHOR WESTERN REDCEDAR/DEVIL'S CLUB 3 1 
TSUHET ASACAU ASACAU WESTERN HEMLOCK/GINGER/GINGER 4 
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HABITAT TYPE CODE COMMON NAME #C #P #S 
TSUHET CLIUNI WESTERN HEMLOCK/QUEENCUP BEADLILY 1 
TSUHET CLIUNI ARAUND WESTERN HEMLOCK/WILD SARSPARILLA 1 
TSUHET CLIUNI CLIUNI WESTERN HEMLOCK/QUEENCUP BEADLILY/ 
QUEENCUP BEADLILY 
7 5 
TSUMER MENFER XERTEN MOUNTAIN HEMLOCK/MENZIESIA/ 
BEARGRASS 
2 
TSUMER XERTEN VACSCO MOUNTAIN HEMLOCK/BEARGRASS/GROUSE 
WHORTLEBERRY 
1 
HIGH C GOH,H>/MOIST ) GFTOZJF> 
ABILAS PINALB VACSCO SUBALPINE FIR/WHITEBARK 
PINE/GROUSE WHORTLEBERRY 
2 
PINALB WHITEBARK PINE 2 
PINALB ABILAS WHITEBARK PINE/SUBALPINE FIR 1 2 
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Appendix B. Variance-covariance matrix for the independent 
variables COVER, ALL SPECIES, stratified by tree size 
classes: Seedling (XI), Sapling (X2), Pole (X3), Medium 
(X4), Large (X5), and Very Large (X6). Structural groups 
are: stand initiation (INIT), stem exclusion (STEM), 
understory reinitiation (UNDR), and old growth (OGRO). N = 
Group sample size. 
XI X2 X3 X4 X5 X6 
XI 73.625 INIT (N = 39) 
X2 93.719 206.401 
X3 -1.886 1.658 5.281 
X4 -1.796 -3.229 0.693 3.099 
X5 0.796 -4.008 1.228 1.323 10.256 
X6 -0.591 0.741 0.737 0.198 0.040 0.231 
XI 29.970 STEM (N = 12) 
X2 21.315 442.424 
X3 19.091 -90.909 509.091 
X4 -20.061 75.758 -90.000 265.606 
X5 22.197 43.333 54.545 2.894 33.174 
X6 0.000 0.000 0.000 0.000 0.000 0.000 
XI 190.813 UNDR (N = 19) 
X2 115.155 216.263 
X3 126.199 68.304 243.275 
X4 -56.082 -56.491 -26.316 135.673 
X5 14.673 -43.965 -9.152 -22.310 76.760 
X6 -1.936 -6.114 13.772 -7.076 6.863 5.766 
XI 18.167 OGRO (N = 6) 
X2 37.900 133.500 
X3 -24.367 -53.300 172.167 
X4 -33.700 -179.300 -24.500 365.500 
X5 33.333 192.000 -43.333 -290.000 346.667 
X6 11.667 83.000 -21.667 -135.000 153.333 96.667 
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Appendix C. Listing of paired plots (treatment plots are 
denoted by a subscript "Tl", "12", or "T31') and attributes 
stratified by predisturbance structural stage (old growth, 
understory reinitiation, and stem exclusion). Attributes 
are: ID (plot identifier); PHASE (phases within the western 
redcedar habitat type (Pfister and others, 1977): ARANUD 
aralia nudicalus, CLIUNI clintonia uniflora, MENFER 
menziesia ferrugina); ELEV (elevation in feet); ASPECT 
(degree); SLP (slope in percent); ROOT (depth in inches to 
80 percent of root biomass); TYPE (harvest type: CC = 
clearcut, PC = partial cut, ST = seed tree cut, OT = 
overstory removal); BURN (HB = high burn, MB = low to 
moderate burn, NB = no burn); YRS (years since disturbance); 
Missing values = (•). 
ID PHASE ELEV ASP 1 SLP ROOT TYPE BURN } YRS 
Oi£) GROWTH 
1 ARANUD 4200 42 10 3 
3-TX ARANUD 4200 40 14 3 CC NB 11 
2 MENFER 4680 308 50 8 
2«RI MENFER 4680 308 38 6 CC MB 16 
3 ARANUD 4240 348 6 10 
ARANUD 4760 54 0 14 CC MB 4 
4 CLIUNI 4200 349 10 4 
4ti CLIUNI 4180 22 7 • CC NB 10 
5 CLIUNI 4080 42 58 7 
5ti CLIUNI 4080 42 53 3 CC HB 3 
6 ARANUD 4160 270 18 6 
6TX ARANUD 4240 280 5 8 CC MB 19 
®T2 ARANUD 4160 330 7 4 PC NB 10 
STEM EXCURSION 
7 CLIUNI 4375 39 19 4 
7TI CLIUNI 4380 52 11 • ST HB 10 
8 CLIUNI 4280 48 23 10 
®T1 CLIUNI 4280 72 12 7 CC HB 1 
9 CLIUNI 4280 37 15 11 
lID 
PHASE ELEV ASP SLP ROOT TYPE BURN YRS 
9 TA CLIUNI 4260 39 8 12 CC MB 4 
10 CLIUNI 4600 90 50 8 
10T1 CLIUNI 4550 100 62 13 CC HB 1 
11 MENFER 4800 70 60 14 
11T1 MENFER 4960 90 40 14 OR NB 14 
12 CLIUNI 4400 340 47 9 
12TX CLIUNI 4400 300 53 9 CC MB 1 
1 2 T2 CLIUNI 4400 313 35 14 CC MB 10 
13 MENFER 4640 308 42 6 
1 3 Tl MENFER 4640 344 40 4 CC MB 1 
14 MENFER 5300 82 72 5 
14Tx MENFER 5300 66 55 5 CC MB 20 
15 CLIUNI 4720 80 45 9 
15TX CLIUNI 4720 70 38 6 CC MB 9 
1 ̂T2 CLIUNI 4720 64 38 6 CC HB 9 
16 CLIUNI 4560 318 55 6 
I16""- CLIUNI 4600 330 55 8 CC HB 9 
17 MENFER 3360 38 80 6 
17TX MENFER 3200 38 50 3 CC NB 6 
36 MENFER 4520 333 32 6 
36tx MENFER 4560 336 35 8 CC MB 1 
UNDERSTORY REINITIATION 
18 MENFER 4740 360 21 6 
18TI MENFER 5200 17 23 10 PC NB 17 
19 CLIUNI 4800 60 45 2 
19-J7X CLIUNI 4840 38 50 8 CC MB 16 
20 MENFER 4360 30 60 4 












ID PHASE ELEV ASP SLP ROOT TYPE BURN YRS 
21 CLIUNI 4200 262 60 5 
2 ITI MENFER 4400 300 55 8 PC NB 11 
21t=s CLIUNI 4400 309 65 6 CC HB 2 
21T3 CLIUNI 4460 330 54 3 CC MB 2 
22 MENFER 4800 356 45 6 
22tx MENFER 3920 300 65 2 CC MB 16 
23 MENFER 4640 70 25 10 
2 3T1 MENFER 4570 82 22 5 CC NB 11 
24 MENFER 4720 83 48 5 
24t MENFER 4640 78 62 5 CC NB 15 
25 MENFER 4000 330 30 • 
2 5T1 MENFER 4000 349 35 4 ST HB 8 
25T2 MENFER 4000 360 35 4 CC NB 8 
26 MENFER 3160 334 48 • 
2 6tx MENFER 3040 333 38 • CC MB 5 
27 MENFER 3920 92 41 12 
2 7T1 MENFER 3920 94 30 16 CC MB 8 
28 MENFER 3840 58 25 11 
28T1 MENFER 3800 62 10 8 CC HB 17 
29 ARANUD 4680 4 60 3 
29TX ARANUD 4160 9 50 4 CC MB 4 
30 CLIUNI 4520 242 40 • 
30T1 CLIUNI 4520 249 80 • CC MB 5 
31 MENFER 4800 286 50 6 
31t1 MENFER 4800 282 45 4 CC NB 16 
32 CLIUNI 4240 207 55 2 
3 2tx CLIUNI 4480 219 70 • CC HB 4 
33 CLIUNI 4480 166 35 4 
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ID PHASE ELEV ASP SLP ROOT TYPE BURN YRS 
3 3T1 CLIUNI 4480 164 25 4 CC NB 11 
34 CLIUNI 4040 180 8 2 
34T1 CLIUNI 4040 180 8 2 ST NB 1 
35 CLIUNI 4760 150 55 9 
3 5T1 CLIUNI 4840 150 20 9 CC HB 10 
Appendix D• Constancy and average cover table for the western redcedar dataset. 
Standard deviations are in parentheses and minimum and maximum range are in brackets. 
***** CONSTANCY (AVERAGE ABUND) TABLE ***** 
*** [ MINIMUM - MAXIMUM ] RANGE *** 
Species Abundance Value: Canopy Cover (%) 
Minimum Species ID level from PC Data Base (X): 0 
Strata Type Names 
Species *OGRO •UNDR * STEM *0GHB *0GMB *0GNB •UNHB * 
Abbreviations * N « 6 * IS 1 N * 12 N * 1 * N « 3 * N « 3 * N 4 * 
***** Trees 
ABIGRAVD 0 0) o i 
o








ABIGRAVT 67 10) 1-20] 0 0) [ 0- 0] 42 12) [ 3-40] 100 ( 1)1 1- 1] 67 1) 1- 1] 100 2) 1- 3] 75 (18 [ 3-30] 




ABILASVT 67 11) 1-20] 100 10) [10-10] 58 11) [ 1-20] o ( 0)[ 0- 0] 33 1) 1- 1] 100 3) 3- 3] 25 ( 3 [ 3- 3] 
BETPAPVT 17 3) 3- 3] 0 0) t 0- 0] 0 0) I 0- 0] o ( 0)[ 0- 0] 0 0) 0- 0] 0 0) 0- 0] 0 ( o [ 0- 0] 
LAROCCVD 0 0) o i 
o
 0 0) I 0- 0] 17 1) [ 1- 1] o ( 0)[ 0- 0] 0 0) 0- 0] 0 0) 0- 0] 0 ( o o i 
o
 
LAROCCVT 33 20) 20-20] 100 50) [50-50] 58 10) [ 1-20] 100 ( 1)[ 1- 1] 100 15) 1-40] 33 1) 1- 1] 75 (23 [10-50] 
PICENGVD 0 0) 0- 0] 0 0) I 0- 0] 8 1) [ 1- 1] o ( 0)[ 0- 0] 0 0) 0- 0) 0 0) 0- 0] 0 ( o [ 0- 0] 
PICENGVT 83 13) 3-40] 100 3) [ 3- 3] 50 5) [ 1-20] o ( 0)1 0- 0] 100 2) 1- 3] 100 2) 1- 3] 75 ( 8 [ 1-20] 




100 1) t 1- 1] 8 1) [ 1- 1] o ( 0)1 0- 0] 0 0) 0- 0] 0 0) 0- 0] 0 ( o o • 
o
 
PINCONVT 0 0) 0- 0] 100 20) [20-20] 50 21) [ 3-40] 100 ( 1)1 1- 1] 33 1) 1- 1] 0 0) 0- 0] 50 (12 [ 3-20] 
PINMONVD 0 0) o i 
o
 0 0) [ 0- 0] 8 1) [ 1- 1] o ( 0)f 0- 0] 0 0) 0- 0] 0 0) 0- 0] 25 ( 1 [ 1- 1] 
PINMONVT 50 5) 3-10] 0 0) [ 0- 0] 25 2) [ 1- 3] 100 ( l)t 1- 1] 67 1) 1- 1] 33 1) 1- 1] 75 ( 2 [ 1- 3] 








 0 0) [ 0- 0] 100 ( 1)[ 1- 1] 0 0) 0- 0] 0 0) 0- 0] 25 ( 1 [ 1- 1] 
POPTREVT 0 0) o 1 
o
















0 0) [ 0- 0] 0 0) [ 0- 0] o ( 0)[ 0- 0] 0 0) 0- 0] 0 0) 0- 0] 0 ( o o ( 
o
 








PSEMENVT 33 10) 10-10] 100 10) [10-10] 75 13) [ 1-50] 100 ( 1)[ 1- 1] 67 2) 1- 3] 100 2) 1- 3] 100 ( 9 [ 1-30] 
to 
vj 
TAXBREVT 50 2) [ 1- 3] 100 ( 3) ( 3- 3] 25 ( M 1-10] 




THUPLIVT 100 62) [30-80] 100 (70) [70-70] 100 (50) 10-80] 
TSUMERVT 0 0) [ o- 0] 0 ( 0) ( o- 0] 0 ( 0) 0- 0] 
***** Shrubs * * * * 
ACEQLAVS 33 3) ( 3- 3] 0 ( 0) [ 0- 0] 25 ( 5) 1-10] 
ALNSINVS 0 0) [ o- 0] 100 ( 3) [ 3- 3] 25 ( 5) 3-10] 
AMEALNVS 50 1) [ 1- 1] 100 ( 3) ( 3- 3] 25 ( 1) 1- 1] 
ARCUVAVS 0 0) ( o- 0] 0 ( 0) [ 0- 0] 0 ( 0) o • 
o
 
BERREPVS 17 1) t 1- 1] 100 ( 1) [ 1- 1] 17 ( 1) 1- 1] 
BETOCCVS 17 3) t 3- 3] 0 ( 0) { 0- 0] 0 ( 0) 0- 0] 
CEASANVS 0 0) ( 0- 0] 0 ( 0) [ 0- 0] 0 ( 0) O l 
o
 




CHIUMBVS 33 7) t 3-10] 100 ( 3) [ 3- 3] 75 ( 2) 1-10] 
CORCANVS 17 20) [20-20] 0 ( 0) [ 0- 0] 0 ( 0) 0- 0] 




GAUHUMVS 0 0) [ 0- 0] 0 ( 0) [ 0- 0] 0 ( 0) 0- 0] 




LINBORVS 83 6) [ 1-20] 100 ( 3) [ 3- 3] 83 ( 4) 1-20] 
LONCILVS 0 0) ( o- 0] 0 ( 0) [ 0- 0] 0 ( 0) 0- 0] 
LONINVVS 0 0) f o- 0] 0 ( 0) ( o- 0] 0 ( 0) 0- 0] 
LONUTAVS 17 1) [ 1- 1] 0 ( 0) [ 0- 0] 25 ( 1) 1- 1] 
MENFERVS 50 2) [ 1- 3] 100 ( 3) f 3- 3] 42 ( 7) 1-20] 
PACMYRVS 33 2) [ 1- 3] 100 (30) [30-30] 92 ( 3) 1-10] 
PHYMALVS 0 0) ( o- 0] 0 ( 0) [ o- 0] 0 ( 0) 0- 0] 




RIBHUDVS 17 1) [ 1- 1] 0 ( 0) [ 0- 0] 0 ( 0) 0- 0] 
RIBIDAVS 0 0) [ 0- 0] 0 ( 0) [ o- 0] 0 ( 0) 0- 0) 
RIBLACVS 0 0) [ 0- 0] 0 ( 0) [ 0- 0] 8 ( 1) l- i] 
RIBVISVS 0 0) [ 0- 0] 0 ( 0) [ 0- 0] 17 ( 1) l- i] 
ROSGYMVS 33 1) [ 1- 1] 100 ( 1) t 1- 1] 42 ( 1) 1- 3] 
ROSWOOVS 17 1) ( 1- 1] 0 ( 0) [ 0- 0] 0 ( 0) 0- 0] 
RUBIDAVS 0 0) [ o- 0] 0 ( 0) [ 0- 0] 0 ( 0) O I O 








0 ( 0) 0- 0] 100 (14) [ 1-30] 
0 ( 0) 0- 0] 0 ( 0) o 1 
o
 
0 ( 0) 0- 0] 33 ( 3) [ 3- 3] 
0 ( 0) 0- 0] 33 (20) [20-20] 
0 ( 0) 0- 0] 67 ( 2) [ 1- 3] 
0 ( 0) 0- 0] 0 ( 0) o i 
o
 
100 ( 1) 1- 1] 0 ( 0) o 1 
o
 
0 ( 0) 0- 0] 0 ( 0) o 1 
o
 
100 ( 1) 1- 1) 0 ( 0) o 1 
o
 




0 ( 0) 0- 0] 33 ( 1) [ 1- 1] 








0 ( 0) 0- 0] 0 ( 0) [ 0- 0] 
0 ( 0) 0- 0] 0 ( 0) o 1 
o
 
0 ( 0) 0- 0] 67 ( 6) [ 1-10] 
0 ( 0) 0- 0] 0 ( 0) [ 0- 0] 
0 ( 0) 0- 0] 0 ( 0) [ 0- 0] 
0 ( 0) 0- 0] 0 ( 0) [ 0- 0] 
0 ( 0) 0- 0] 33 (10) [10-10] 
100 ( 3) 3- 3] 67 (11) [ 1-20] 
0 ( 0) 0- 0] 33 ( 1) [ 1- 1] 
0 ( 0) 0- 0] 0 ( 0) o i 
o
 
0 ( 0) 0- 0] 0 ( 0) ( 0- 0] 
0 ( 0) 0- 0] 0 ( 0) [ 0- 0] 
0 ( 0) 0- 0] 67 ( 7) [ 3-10] 
100 ( 3) 3- 3] 0 ( 0) [ 0- 0] 
100 ( 1) 1- 1] 67 ( 1) [ 1- 1] 
0 ( 0) 0- 0] 0 ( 0) [ 0- 0] 
0 ( 0) 0- 0] 100 ( 2) t 1- 3] 
( 1) [ 1- 1] 25 ( 3 [ 3- 3] 
( 0) o i 
o









0 ( o o 1 
o
 
3) [ 3- 3] 25 (10 [10-10] 
10) [10-10] 25 ( 3 t 3- 3] 





 0 ( o [ 0- 0] 





 0 ( o t 0- 0] 









 50 ( 7 [ 3-10] 
1) [ 1- 1] 25 ( 1 [ 1- 1] 
10) [10-10] 0 ( o [ 0- 0] 
3) [ 3- 3] 25 ( 1 t 1- 1] 
0) [ 0- 0] 25 ( 3 [ 3- 3] 
0) [ 0- 0] 25 (10 [10-10] 
14) [ 1-30] 75 (13 [10-20] 
1) [ 1- 1] 0 ( o [ 0- 0] 
1) ( 1- 1] 0 ( o t 0- 0] 
2) [ 1- 3] 75 ( 2 t 1- 3] 
2) [ 1- 3] 25 ( 1 [ 1- 1] 


















 0 ( o o « 
o
 
7) ( 1-20] 75 ( 2 [ 1- 3] 
0) [ 0- 0] 50 (17 [ 3-30] 
1) [ 1- 1] 25 ( 3 [ 3- 3] 
0) [ 0- 0] 0 ( o [ 0- 0] 



































RUBPARVS 33 1) 1- 1] 100 1) 1- 1] 50 2) 1- 3) 




SALSCOVS 0 0) 0- 0) 0 0) 0- 0) 8 3) 3- 3) 




SAMRACVS 17 1) 1- 1] 0 0) 0- 0) 0 0) 0- 0] 
SHECANVS 0 0) 0- 0] 0 0) 0- 0) 8 3) 3- 3) 
SORBUSVS 0 0) 0- 0] 0 0) 0- 0] 0 0) 0
 
1 o 




SPIBETVS 0 0) 0- 0] 100 3) 3- 3) 75 2) 1-10) 
SYMALBVS 33 1) 1- 1] 0 0) 0- 0] 25 1) 1- 1) 
VACGLOVS 67 6) 1-20) 100 3) 3- 3] 83 *) 1-20) 


























BROMUSVG 0 0) 0- 0) 0 0) 0- 0) 0 0) o 1 
o
 
BROVULVG 0 0) 0- 0] 0 0) 0- 0] 8 1) 1- 1] 
CALRUBVG 17 3) 3- 3) 0 0) 0- 0) 17 1) 1- 1] 
CAREX VG 33 2) 1- 3) 0 0) 0- 0] 25 1) 1- 1] 
CARGEYVG 0 0) 0- 0] 0 0) 0- 0] 0 0) o 1 
o
 
CARROIVG 17 1) 1- 1] 0 0) 0- 0] 0 0) o 1 
o
 












FESIDAVG 0 0) 0- 0] 0 0) 0- 0] 0 0) o 1 
o
 





GRASS VG 33 2) 1- 3] 0 0) 0- 0) 8 1) 1- 1) 
LUZCAMVG 0 0) 0- 0) 0 0) 0- 0) 0 0) 0- 0) 
LUZPARVG 0 0) 0- 0] 0 0) 0- 0) 0 0) 0- 0) 




100 (30) [30-30) 100 ( 8) 3-10) 




100 ( 3) [ 3- 3) 67 ( 6) 1-10) 
0 ( 0) [  o- 0) 0 ( 0) o 1 
o
 
0 ( 0) (  o- 0) 33 ( 1) 1- 1]  
0 ( 0) [ 0- 0) 33 ( 1) 1- 1]  
0 ( 0) [ 0- 0) 0 ( 0) 0- 0] 
0 ( 0) [ 0- 0) 0 ( 0) o 1 
o
 
100 ( 3) I 3- 3) 33 ( 3) 3- 3) 
0 ( 0) [ 0- 0) 33 ( 3) 3- 3) 
100 ( 3) [ 3- 3) 67 (11) 1-20) 
0 ( 0) [ 0- 0) 0 ( 0) o i 
o
 




100 (  3)  t  3- 3) 33 ( 3) 3- 3]  
0 ( 0) [ 0- 0) 0 ( 0) o 1 
o
 
0 ( 0) [ 0- 0) 0 ( 0) o 
o
 




0 ( 0) [  o- 0] 0 ( 0) 0- 0] 
100 ( 1) ( 1- 1] 33 ( 1) 1- 1]  
0 ( 0) [ 0- 0] 0 ( 0) o 1 
o
 
100 (10) [10-10) 100 ( 3) 3- 3) 








0 ( 0) [ 0- 0) 0 ( 0) o 1 
o
 
100 ( 1) [ 1- 1] 67 ( 3) 3- 3) 




0 ( 0) [ 0- 0) 0 ( 0) o 1 
o
 




0 ( 0) [ 0- 0) 67 ( 7) 3-10) 
0 ( 0) [  o- 0) 0 ( 0) 0- 0) 
0 ( 0) [ 0- 0) 0 ( 0) 0- 0) 
0 ( 0) [ 0- 0) 67 ( 2) 1- 3) 










1) [ 1- 1} 50 ( 2) 1- 3] 
0) o 1 
o









0) ( 0- 0) 0 ( 0) 0- 0] 




0) t 0- 0) 0 ( 0) 0- 0] 
1) [ 1- 1] 50 (12) 3-20] 
2) [ 1- 3) 0 ( 0) 0- 0] 





0 ( 0) 0- 0] 










25 ( 1) 1- 1] 









0) [ 0- 0] 0 ( 0) 0- 0) 
10) [10-10] 25 ( 1) 1- 1] 
20) [20-20] 50 (22) 3-40] 
3) [ 3- 3] 25 ( 1) 1- 1] 
10) [10-10] 25 ( 3) 3- 3] 
0) o i 
o
 50 ( 6) 1-10] 
0) o 1 
o




1) [ 1- 1] 25 ( 3) 3- 3] 
0) [ 0- 0) 50 ( 2) 1- 3] 
0) [ 0- 0] 0 ( 0) 0- 0] 
3) [ 3- 3] 0 ( 0) 0- 0] 
1) [ 1- 1) 0 ( 0) 0- 0] 





0 ( 0) 0- 0] 



































POA VG 0 ( 0)[ 0- 0] 0 ( 0)[ 0- 0] 0 ( 0)[ 0- 0] 
Forbs 
ACHMILVF 0 0) o i 
o








0 0) 0- 0] 0 0) o • 
o
 
ACTRUBVF 0 0) o 1 
o
 0 0) 0- 0] 0 0) o i 
o
 
ADEBICVF 33 3) 3- 3] 0 0) 0- 0] 17 1) i- u 




0 0) 0- 0] 8 1) i-1] 
ANTLANVF 0 0) o 1 
o
 0 0) 0- 0] 0 0) o 1 
o
 
ANTMICVF 0 0) o 1 
o













APOANDVF 0 0) © 1 
o
















0 0) 0- 0] 0 0) o I 
o
 
ARNLATVF 33 2) 1- 3] 0 0) 0- 0] 25 1) 1- 1] 








0 0) 0- 0] 0 0) o
 » o
 




0 0) 0- 0] 0 0) 0- 0] 




0 0) 0- 0] 8 1) 1- 1] 




0 0) 0- 0] 0 0) o 
o
 
CARNUTVF 0 0) © 1 
o













CENMACVF 0 0) o 1 
o








0 0) 0- 0] 0 0) o 1 
o
 
















CLIUNIVF 100 5) 1-10] 0 0) 0- 0] 83 3) 1-10] 








COPOCCVF 100 7) 1-20] 0 0) 0- 0] 67 2) 1-10] 




0 0) 0- 0] 0 0) o 1 
o
 




0 0) 0- 0] 0 0) o 1 
o
 
DRAPARVF 0 0) 0- 0] 0 0) 0- 0] 0 0) 0- 0] 
EPIANGVF 0 0) o 1 
o
 0 0) 0- 0] 8 1) 1- 1) 




0 0) 0- 0] 0 0) o < 
o
 
0 ( 0)[ 0- 0] 33 ( 1)[ 1- 1] 33 (40)[40-40] 0 ( 0)[ 0- 0] 
















100 (  3)  [  3- 3]  100 (  2)  1- 3] 








0 ( 0) [ o- 0] 33 (  3)  3- 3] 
0 ( 0) [ 0- 0] 33 ( 1) 1- 1] 




0 ( 0) [ o- 0] 0 ( 0) o 1 
o
 
0 ( 0) [  o- 0] 67 ( 1) 1- 1] 
0 ( 0) [ 0- 0] 33 (  3)  C
O 1 C
O 
0 ( 0) [ 0- 0] 0 ( 0) 0- 0] 
0 ( 0) [ 0- 0] 0 ( 0) 0- 0] 
0 ( 0) [ o- 0] 0 ( 0) 0- 0] 
0 ( 0) [ o- 0] 0 ( 0) 0- 0] 
100 (  3)  [  3- 3]  0 ( 0) 0- 0] 








0 ( 0) [ 0- 0] 0 ( 0) o
 » o
 





100 (  3)  (  3- 3]  67 (11) 1-20] 
100 ( 1) [  1- 1] 100 (  5)  3-10] 




100 (  3)  (  3- 3]  67 ( 1) 1- 1] 














100 ( 1) ( 1- 1] 100 (11) 3-20] 
100 (20) [20-20] 0 ( 0) o 1 
o
 
(  0)  0- 0] 25 (  1)  [  1- 1]  
(  1)  1- 1]  0 (  0)  [ 0- 0] 
( 0)  0- 0] 0 (  0)  [ 0- 0] 
(  3) 3- 3]  25 (  1) [  1- 1]  
(  1)  1- 1]  100 (  3) [  1- 3]  
(  0)  0- 0] 25 (  3)  t  3- 3]  
(  0)  0- 0] 0 (  0)  [ 0- 0] 
(  0)  0- 0] 25 (  1) t  1- 1]  
(  0)  0- 0] 25 (  1)  t  1- 1]  
(  0)  0- 0] 0 (  0)  [  o- 0]  
(  0)  0- 0] 0 (  0)  [  o- 0]  
(  2) 1- 3]  0 (  0)  t  o- 0]  
(  1)  1- 1]  0 (  0)  [ 0- 0] 
(  0)  0- 0] 25 (  3)  (  3- 3]  
(  0)  0- 0] 0 (  0)  [ 0- 0] 
(  0)  0- 0] 0 (  0)  (  o- 0]  
(  0)  0- 0] 0 (  0)  [  o- 0]  
(  1)  1- 1]  100 (  2) [  1- 3]  
(  0)  0- 0] 0 (  0)  [ 0- 0] 
(  0)  0- 0] 50 (  2)  [  1- 3]  
(  1)  1- 1]  25 (20) [20-20] 
(  0)  0- 0] 0 (  0)  (  o- 0]  
(  1)  1- 1]  50 (  1)  (  1- 1]  
(12) 3-20] 50 (  7) (  3-10] 
(  0)  0- 0] 0 (  0)  (  o- 0]  
(  4) 1-10] 50 (  3)  [  3- 3]  
(  0)  0- 0] 0 (  0)  [ 0- 0] 
(  0)  0- 0] 0 (  0)  (  o- 0]  
(  0)  0- 0] 0 (  0)  [ 0- 0] 
(  2) 1- 3]  75 (  4)  [  1-10] 


































EPIPANVF 0 0) 0- 0] 0 0) 0- 0] 0 0) 0- 0] 
FORB VF 0 0) 0- 0] 0 0) 0- 0] 0 0) 0- 0] 
FRAVESVF 0 0) 0- 0] 0 0) 0- 0] 0 0) 0- 0] 
FRAVIRVF 17 1) 1- 1] 0 0) 0- 0] 0 0) 0- 0] 
GALTRIVF 67 2) 1- 3] 0 0) 0- 0] 17 1) 1- 1] 
GERBICVF 0 0) 0- 0] 0 0) 0- 0] 0 0) 0- 0] 
GERVISVF 0 0) 0- 0] 0 0) 0- 0] 0 0) 0- 0] 
GOOOBLVF 67 2) 1- 3] 100 1) 1- 1] 83 1) 1- 3] 
HABENAVF 17 1) 1- 1] 0 0) 0- 0] 0 0) 0- 0] 
HIEALBVF 33 1) 1- 1] 0 0) 0- 0] 25 2) 1- 3] 
ILIRIVVF 0 0) 0- 0] 0 0) 0- 0] 0 0) 0- 0] 
LIGUSTVF 17 3) 3- 3] 0 0) 0- 0) 0 0) 0- 0] 
LINSEPVF 0 0) 0- 0] 0 0) 0- 0] 0 0) 0- 0] 
LISCAUVF 17 1) 1- 1] 0 0) 0- 0] 8 1) 1- 1] 
LISTERVF 0 0) 0- 0] 0 0) 0- 0] 8 1) 1- 1] 
LITHOSVF 0 0) 0- 0] 0 0) 0- 0] 0 0) 0- 0] 
LUPINUVF 0 0) 0- 0] 0 0) 0- 0] 0 0) 0- 0] 
MIMULUVF 0 0) 0- 0] 0 0) 0- 0] 0 0) 0- 0] 
MITBREVF 33 1) 1- 1] 0 0) 0- 0) 50 1) 1- 1] 
MITCAUVF 0 0) 0- 0] 0 0) 0- 0] 0 0) 0- 0] 
MITPENVF 17 3) 3- 3] 0 0) 0- 0] 0 0) 0- 0] 
OSMCHIVF 33 1) 1- 1) 0 0) 0- 0] 8 1) 1- 1] 
PEDBRAVF 0 0) 0- 0] 0 0) 0- 0] 0 0) 0- 0] 
PEDRACVF 0 0) 0- 0] 0 0) 0- 0] 0 0) 0- 0] 
PENALBVF 0 0) 0- 0] 0 0) 0- 0] 0 0) 0- 0] 
PHAHASVF 0 0) 0- 0] 0 0) 0- 0] 0 0) 0- 0] 
PLAMAJVF 0 0) 0- 0] 0 0) 0- 0] 0 0) 0- 0] 
POTARGVF 0 0) 0- 0] 0 0) 0- 0] 0 0) 0- 0] 
POTENTVF 0 0) 0- 0] 0 0) 0- 0) 0 0) 0- 0] 
PRUVULVF 0 0) 0- 0] 0 0) 0- 0] 0 0) 0- 0] 
PTEANDVF 17 1) 1- 1) 0 0) 0- 0] 0 0) 0- 0] 
PYRASAVF 33 6) 1-10] 100 3) 3- 3] 83 2) 1- 3] 
PYRPICVF 17 1) 1- 1] 0 0) 0- 0) 8 1) 1- 1] 
PYRSECVF 33 3) 3- 3] 100 1) 1- 1] 58 3) 1-10] 
100 3) 3- 3] 0 0) 0- 0] 
0 0) 0- 0] 33 1) 1- 1] 
0 0) 0- 0) 0 0) 0- 0] 
0 0) 0- 0] 0 0) 0- 0] 
0 0) 0- 0] 67 2) 1- 3] 
0 0) 0- 0] 0 0) 0- 0] 
0 0) 0- 0] 0 0) 0- 0] 
0 0) 0- 0] 0 0) 0- 0] 
0 0) 0- 0] 0 0) 0- 0] 
100 1) 1- 1] 100 2) 1- 3] 
0 0) 0- 0] 33 3) 3- 3] 
0 0) 0- 0] 0 0) 0- 0] 
0 0) 0- 0] 0 0) 0- 0) 
0 0) 0- 0] 0 0) 0- 0] 
0 0) 0- 0] 0 0) 0- 0] 
100 1) 1- 1] 0 0) 0- 0] 
0 0) 0- 0] 0 0) 0- 0] 
0 0) 0- 0] 0 0) 0- 0] 
100 1) 1- 1] 67 6) 1-10] 
0 0) 0- 0] 0 0) 0- 0] 
0 0) 0- 0] 0 0) 0- 0] 
100 1) 1- 1] 33 1) 1- 1] 
0 0) 0- 0] 0 0) 0- 0] 
0 0) 0~ 0] 0 0) 0- 0] 
0 0) 0- 0] 0 0) 0- 0] 
100 3) 3- 3] 0 0) 0- 0] 
0 0) 0- 0] 0 0) 0- 0] 
0 0) 0- 0] 0 0) 0- 0] 
0 0) 0- 0] 0 0) 0- 0] 
0 0) 0- 0] 0 0) 0- 0] 
0 0) 0- 0] 0 0) 0- 0] 
0 0) 0- 0] 0 0) 0- 0] 
0 0) 0- 0] 0 0) 0- 0] 
0 0) 0- 0] 0 0) 0- 0] 
(  1)  t  1- 1]  50 (  2)  t  1-  3]  




(  0)  [ 0- 0]  25 (  3)  C
O 1 C
O 
(  1)  [  1- 1]  25 (10) [10-10] 
(  5)  [  3-10] 50 (  2) [  1-  3]  
(  0)  [  o- 0]  0 (  0)  (  0-  0]  
(  0)  [ 0- 0] 0 (  0) [ 0- 0] 
(  0)  [  o- 0]  0 (  0)  [ 0- 0] 
(  1)  [  1- 1]  0 (  0)  [  0-  0]  
(  3)  t  3- 3]  75 (  1)  (  1-  1]  
(  0)  t  o- 0]  25 (  1)  (  1-  1]  
(  0)  I  o- 0]  0 (  0)  [ 0- 0] 
(  0)  [ o- 0]  25 (  1)  [ 1- 1]  
(  0)  [ 0- 0]  0 (  0)  [ 0- 0] 
(  0)  [  o- 0]  0 (  0)  [ 0- 0] 
(  0)  [  o- 0]  0 (  0)  [ 0- 0]  
(  0)  t  o- 0]  0 (  0)  [ 0- 0] 
( 3) [ 3- 3] 0 (  0)  [ 0- 0] 
(  1) [ 1- 1]  25 ( 3) [  3- 3]  
(  0)  t  o- 0]  0 (  0)  [ 0- 0]  
(30) [30-30] 0 (  0)  [ 0- 0] 
(  1)  [  1- 1]  50 (  1)  [  1-  1) 




(  1)  [ 1- 1]  0 (  0)  [ 0- 0]  
(  0)  [  0- 0]  25 (  1)  [ l -  i ]  
( 0)  (  o- 0]  0 (  0)  O I 
o
 
(  0)  [ 0- 0]  0 (  0)  o 1 
o
 
(  0)  [  o- 0]  0 (  0)  [  o-  0] 
(  0)  [  0- 0]  0 (  0)  [ 0- 0] 
(  0)  [  o- 0]  50 (  2) [  1-  3]  
(  0)  [ 0- 0]  0 (  0)  [ 0- 0]  
(10) [10-10] 50 (  2) [  1-  3]  









































RUDOCCVF 0 0) [  0- 0]  0 (  0)  [  0- 0]  0 0) 0-  0]  











SMIRACVF 0 0) (  0- 0]  0 ( 0)  [ 0- 0] 8 1) 1- 1] 
SMISTEVF 50 2) [ 1- 3] 0 (  0) [  0- 0]  25 1) 1- 1] 
























TIATRIVF 67 2) t  1- 3] 0 ( 0) [  o- 0]  25 M 1-10] 
TRADUBVF 0 0) [  o- 0] 0 ( 0) [ 0- 0] 0 0) 0- 0]  




TRIFOLVF 0 0) t  o- 0] 0 ( 0) [ 0- 0] 0 0) 0- 0]  
TRIOVAVF 83 1) ( 1- 1] 0 ( 0) (  0- 0] 42 1) 1- 1] 
VALSITVF 0 0) (  o- 0] 0 ( 0) [ o- 0] 0 0) 0- 0]  
VERCALVF 33 7) ( 3-10] 0 ( 0) t  o- 0] 0 0) 0- 0]  
VERTHAVF 0 0) [ o- 0] 0 ( 0) [ 0- 0] 0 0) 0- 0]  
VIOGLAVF 17 1) [ 1- 1]  0 ( 0) [  o- 0] 0 0) 0- 0]  
VIOLA VF 0 0) [ 0- 0] 0 ( 0) [ 0- 0] 8 1) 1- 1] 
VIOORBVF 50 1) ( 1- 1] 0 ( 0) [  o- 0] 50 1) 1- 1] 
XERTENVF 50 2) t 1- 3] 100 (10) [10-10] 92 M 1-20] 
***** Ferns * * * * 
ATHFILVE 50 5) t  1-10] 0 ( 0) [  o- 0] 0 0) 0- 0] 
DRYFILVE 17 20) [20-20] 0 ( 0) [ o- 0] 0 0) 0- 0] 
EQUARVVE 17 10) [10-10] 0 ( 0) [  o- 0] 0 0) 0- 0] 
GYMDRYVE 67 S) [  1-10] 0 ( 0) [ 0- 0] 0 0) 0- 0] 
LYCANNVE 17 3) [ 3- 3] 0 ( 0) [  o- 0] 0 0) 0- 0] 
POLMUNVE 0 0) [ 0- 0]  0 ( 0) t  o- 0]  8 1) 1- 1]  
PTEAOUVE 0 0) [  o- 0]  0 (  0)  [ 0- 0]  8 1) 1-  1]  
WOOOREVE 0 0) [ 0- 0] 0 ( 0) [  0- 0]  0 0) 0- 0] 
0 0) 0- 0]  0 0) [  0- 0]  
0 0) 0- 0]  0 0) [  0- 0]  
0 0) 0- 0]  67 7) t  3-10] 
0 0) 0- 0]  0 0) [  o- 0]  
0 0) 0- 0]  33 3) [  3- 3]  
100 1) 1- 1]  67 1) [  1- 1]  
0 0) 0- 0]  0 0) [  0- 0]  
0 0) 0- 0]  33 1) [  1- 1]  
0 0) 0- 0]  67 1) (  1- 1]  
0 0) 0- 0]  67 2) (  1- 3]  
100 1) 1- 1]  67 1) [  1- 1]  
0 0) 0- 0]  33 1) [  1- 1]  
0 0) 0- 0]  0 0) [  0- 0]  
100 1) 1- 1]  0 0) [  o- 0]  
100 1) 1- 1]  67 1) t  1- 1]  
0 0) 0- 0]  0 0) (  o- 0]  
0 0) 0- 0]  33 1) [  1- 1]  
100 1) 1- 1]  67 1) [  1- 1]  
0 0) 0- 0]  0 0) [  o- 0]  
0 0) 0- 0]  0 0) [  0- 0]  
100 1) 1- 1]  0 0) [  o- 0]  
0 0) 0- 0]  33 10) [10-10] 
0 0) 0- 0]  0 ( 0) [  0- 0]  
0 0) 0- 0]  67 ( 6) (  1-10] 
0 0) 0- 0]  33 ( 3) [ 3- 3] 
0 0) 0- 0]  67 ( 1) [  1- 1]  
0 0) 0- 0]  0 ( 0) [  o- 0]  
0 0) 0- 0]  0 ( 0) [  o- 0]  
0 0) 0- 0]  0 ( 0) (  o- 0]  
0 0) 0- 0]  0 ( 0) [  0- 0]  
( 0) [ 0- 0] 0 ( 0) [ 0- 0] 
( 0) t o- 0] 0 ( 0) [ 0- 0] 





( 1) [ 1- 1] 25 ( 1) [ 1-1] 
( 5) [ 3-10] 50 ( 1) t 1- 1] 
( 0) [ 0- 0] 25 ( 3) [ 3- 3] 
( 1) t 1- 1] 25 ( 1) [ 1- 1] 
( 0) [ o- 0] 0 ( 0) t 0- 0] 
( 1) [ 1- 1] 50 ( 1) I 1- 1] 
( 1) [ 1- 1] 0 ( 0) f 0- 0] 
( 0) [ o- 0] 75 ( 2) t 1- 3] 
( 0) [ o- 0] 25 ( 1) t 1- 1] 
( 0) [ o- 0] 25 (10) [10-10] 
( 1) [ 1- 1] 0 ( 0) [ 0- 0] 
( 1) [ 1- 1] 25 ( 1) [ 1- 1] 
( 0) [ 0- 0] 0 ( 0) [ 0- 0] 
( 1) ( 1- 1] 0 ( 0) [ 0- 0] 





( 0) [ 0- 0] 0 ( 0) [ 0- 0] 
( 3) [ 3- 3] 0 ( 0) O i O 
( 3) [ 3- 3] 75 ( 2) [ 1- 3] 
( 3) [ 3- 3] 50 (12) [ 3-20] 
( 3) [ 3- 3] 25 ( 1) [ 1- 1] 
(20) [20-20] 0 ( 0) [ 0- 0] 
(10) [10-10] 0 ( 0) [ 0- 0] 
( 3) [ 3- 3] 25 ( 3) f 3- 3] 
( 0) t o- 0] 0 ( 0) [ 0- 0] 
( 0) ( o- 0] 0 ( 0) o i 
o
 
( 3) [ 3- 3] 25 ( 3) [ 3- 3] 






































 0] 0 ( 0)[ 0- 0] 




1 0] 0 ( 0)[ 0- 0] 




 0] 0 ( 0)[ 0- 0] 




 0] 0 ( 0)[ 0- 0] 
MOSS NM 83 ( 7)f 3-10] 100 (10)[10-10] 75 (16)[ 1-50] 




1 0] 8 ( 1)[ 1- 1] 




1 0] 0 ( 0)[ 0- 0] 
0 (  0) t  0- 0]  0 ( 0)( 0- 0]  0 (  0) t  0-  0]  0 (  0) [  0-  0]  
0 ( 0) [  0- 0]  0 ( 0)[  0- 0]  0 (  0) [  0-  0]  0 (  0) [  0-  0]  
0 (  0) t  o- 0]  0 ( 0)1 0- 0]  0 (  0) [  0-  0]  0 (  0) [  0-  0]  
0 (  OH 0- 0]  0 ( 0)[  0- 0]  0 (  0) [  0-  0]  0 (  0) [  0-  0]  
0 (  0) [  0- 0]  100 ( 2 ) 1  1- 3]  100 (15)[ 3-40] 100 (13) [  1-20] 
0 (  0) [  0- 0]  0 ( 0)[  0- 0]  0 (  0)t 0- 0]  0 (  0) [  0-  0]  
100 (10)[10-10] 0 ( 0)[  0- 0]  0 (  0) [  0-  0]  0 (  0) [  0-  0]  
CO 
***** CONSTANCY (AVERAGE ABUND) TABLE 
*** [ MINIMUM - MAXIMUM ] RANGE ••• 
Species Abundance Value: Canopy Cover (X) 
Minimum Species ID level from PC Data Base (X): 0 




* N * 5 
*UMB2 






8 * N a 5 
*SMB1 
* N « 4 
•SMB2 
* N « 3 
•STNB 
















 0 ( 0) 0- 0] 
ABIGRAVT 80 ( 8) 1-30] 75 (17) ( 1-30] 63 7) t 1-20] 60 ( 2) [ 1- 3] 0 0) 0- 0] 67 ( 2) 1- 3] 50 ( 3) 3- 3] 












 0 ( 0) 0- 0] 




100 ( 1) 1- 1] 50 ( 3) 3- 3] 




























LAROCCVT 100 ( 7) 1-30] 100 (18) [10-30] 75 12) [ 1-20] 100 ( 6)[ 1-20] 75 5) 1-10] 67 (17) 3-30] 50 ( 1) 1- 1) 

















PICENGVT 40 ( 1) 1- 1] 100 (11) [ 1-30] 88 3) [ 1-10] 80 ( D[ 1- 1] 25 1) 1- 1] 100 ( 1) 1- 1] 50 ( 3) 3- 3] 












PINCONVT 20 ( 1) l- i] 75 ( 5) [ 1-10] 63 6) [ 1-20] 40 ( 2) [ 1- 3] 25 1) 1- 1] 100 ( 2) 1- 31 50 ( 1) 1- 1) 





















PINMONVT 80 ( 8) 1-30] 75 ( 4) [ 1-10] 75 6) [ 1-20] 60 ( D[ 1- 1] 75 4) 1-10] 33 ( 1) 1- 11 50 ( 1) 1- 1] 


































































PSEMENVT 100 ( 7) 1-30] 100 (  6)  [ 1-10] 88 2) ( 1- 3] 80 ( 4)[ 1-10] 75 4) 1-10] 100 ( 8) 1-20] 100 (11) 1-20] 
U> 




 25 ( 3) 3- 3] 50 ( 3) [ 1-10] 








THUPLIVT 100 M t 1-10] 100 ( 6) 1-10] 88 ( 9)[ 1-20] 
TSUMERVT 0 0) [ 0- 0] 25 (10) 10-10] 13 ( 1)[ 1- 1] 
***** Shrubs * * * * *  
ACEGLAVS 60 3) [ 3- 3] 25 ( 3) 3- 3] 13 ( 3) [ 3- 3] 
ALNSINVS 40 2) ( 1- 3] 75 (43) 10-70] 75 (11) f 1-50] 
AMEALNVS 40 6) [ i-io] 50 (10) 10-10] 63 ( D[ 1- 3] 
ARCUVAVS 40 6) [ 1-10] 25 (10) 10-10] 25 ( 2)  [ 1- 3] 
BERREPVS 40 1) [ 1- 1) 25 ( 1) 1- 1] 38 (  Dl  1- 1] 
BETOCCVS 0 0) [ 0- 0] 0 ( 0) 0- 0] 0 ( 0)[ 0- 0] 






CEAVELVS 40 6) [ 1-10] 25 ( 1) 1- 1] 13 ( 1)[ 1- 1] 
CHIUMBVS 40 2) ( 1- 3] 75 ( 4) 1-10] 63 (  DC 1- 3] 
CORCANVS 20 1) [ 1- 1] 0 ( 0) 0- 0] 0 ( 0)[ 0- 0] 




13 ( 3) [ 
CO ( 
CO 
GAUHUMVS 0 0) (  0-  0] 25 ( 1) 1- 1] 0 ( 0)[ 0- 0]  
HOLDISVS 0 0) t 0- 0] 0 ( 0) 0- 0]  25 ( Dl 1- 1] 
LINBORVS 40 6) [ 1-10] 75 ( 8) 3-10] 75 (28) [ 3-50] 



















LONUTAVS 60 1) [ 1- 1] 75 (10) 1-20] 63 ( 7) [ 1-20] 
MENFERVS 40 20) [10-30] 50 ( 6) 1-10] 88 OM[ 1-40] 
PACMYRVS 100 5) [ 1-10] 100 (23) 1-30] 100 (11)[ 1-40] 
PHYMALVS 0 0) [  0-  0] 0 ( 0) 0- 0]  0 ( 0)[ 0- 0] 





















13 (  Df  1- 1] 
RIBLACVS 80 M [ 1-10] 50 ( 6) 1-10] 50 ( 2) [ 1- 3] 
RIBVISVS 40 7) [ 3-10] 25 ( 3) 3- 3] 75 ( 2) [ 1- 3] 
ROSGYMVS 40 17) [ 3-30] 75 (11) 1-30] 38 (  DC 1- 1] 
ROSWOOVS 0 0) [ 0- 0] 25 ( 1) 1- 1] 0 ( 0)[ 0- 0] 
RUBIDAVS 60 M [ i-io] 25 ( 1) 1- 1] 0 ( 0)[ 0- 0] 













20 ( 1) 1- 1] 0 ( 0) 0- 0] 
40 ( 2) 1- 3] 50 (27) 3-50] 
60 (  2 )  1- 3] 75 ( 5) 1-10] 
40 ( 2) 1- 3] 75 ( 2) 1- 3] 
40 ( 1) 1- 1] 25 ( 1) 1- 1] 
40 ( 2) 1- 3] 25 ( 1) 1- 1] 
















20 ( 1) 1- 1] 50 ( 6) 1-10] 








0 ( 0) 0- 0] 0 ( 0) 0- 0] 
0 ( 0) 0- 0] 0 ( 0) 0- 0] 
60 (11) 1-30] 75 ( 1) l- l] 




20 ( 1) 1- 1] 0 ( 0) 0- 0] 
60 ( M 1-10] 50 ( 6) 1-10] 
40 ( 1) 1- 1] 100 ( 4) 1-10] 
100 ( 1) 1- 3] 100 ( 4) 1-10] 




0 ( 0) 0- 0] 0 ( 0) 0- 0] 
0 ( 0) 0- 0] 0 ( 0) 0- 0]  





40 ( 2) 1- 3] 0 ( 0) 0- 0] 
60 ( 2) 1- 3] 50 ( 3) 3- 3] 
80 ( 3) 1- 3] 100 ( 4) 1-10] 
0 ( 0) 0- 0] 0 ( 0) 0- 0]  














( 2) t 1- 3] 100 ( 7) 3-10] 






(10) [10-10] 50 ( 3) 3- 3] 
( 2) [ 1- 3] 50 ( 1) 1- 1] 
( 1) [ 1- 1] 50 ( 3) 3- 3] 
( 3) [ 3- 3] 0 ( 0) 0- 0] 
( 0) t 0- 0] 50 ( 1) 1- 1] 





















50 ( 1) 1- 1] 
( 0) [ 0- 0] 50 ( 3) 3- 3] 





( 0) [ 0- 0] 0 ( 0) 0- 0] 
(10) [10-10] 0 ( 0) 0- 0] 














( 2) ( 1- 3] 100 ( 2) 1- 3] 
(11) [ 1-20] 50 (30) 30-30] 
( 2) [ 1- 3] 100 ( 1) 1- 1] 
( 0) [ 0- 0] 0 ( 0) 0- 0] 
( 0) [ 0- 0] 0 ( 0) 0- 0] 
( 0) [ 0- 0] 0 ( 0) 0- 0] 
( 0) [ 0- 0] 0 ( 0) 0- 0] 
( 2) [ 1- 3] 50 ( 1) 1- 1] 




( 1) [ 1- 1] 100 ( 1) 1- 1] 








































RUBPARVS 100 (17) [ 3-30] 100 (10) [ 1-20] 88 ( 2) 1- 3] 





 0 ( 0) [  o- 0] 0 ( 0) 0- 0] 
SALSCOVS 60 (11) [ 1-30] 75 (14) ( 3-30] 50 ( 2) 1- 3] 




0 ( 0) [  o- 0] 0 ( 0) 0- 0] 
SAMRACVS 40 (16) [ 1-30] 25 (10) [10-10] 0 ( 0) 0- 0] 
SHECANVS 0 ( 0) o i 
o
 0 ( 0) [ 0- 0] 25 ( 1) 1- 1] 
SORBUSVS 0 ( 0) o 1 
o
 0 ( 0) [ 0- 0] 0 ( 0) 0- 0] 
SORSITVS 0 ( 0) o 1 
o
 0 ( 0) [ 0- 0] 0 ( 0) 0- 0] 
SPIBETVS 80 ( 6) ( 1-10] 50 (25) [20-30] 25 ( 6) 1-10] 
SYMALBVS 0 ( 0) o 1 
o
 0 ( 0) [  0- 0] 0 ( 0) 0- 0] 
VACGLOVS 80 ( 4) ( 1-10] 100 (25) 0
 
1 40] 100 (15) 1-50] 
VACSCOVS 20 ( 3) [ 3- 3] 0 ( 0) [ 0- 0] 0 ( 0) 0- 0] 
***** Grasses 




0 ( 0) t  o- 0] 13 ( 1) 1- U 




0 ( 0) t  o- 0] 0 ( 0) 0- 0] 
AGROPYVG 20 (10) [10-10] 0 ( 0) [ 0- 0] 0 ( 0) 0- 0] 





 0 ( 0) t  o- 0] 0 ( 0) 0- 0] 
BROINEVG 0 ( 0) o 1 
o
 0 ( 0) [ 0- 0] 0 ( 0) 0- 0] 
BROMUSVG 20 ( 3) [ 3- 3] 0 ( 0) ( 0- 0] 13 ( 1) 1- 1] 
BROVULVG 20 (50) [50-50] 25 ( 1) [ 1- 1] 50 ( 2) 1- 3] 
CALRUBVG 0 ( 0) o i 
o
 75 (20) t 1-50] 38 ( 2) 1- 3] 
CAREX VG 40 ( 6) [ 1-10] 50 ( 6) t 1-10] 38 ( 4) 1-10] 
CARGEYVG 20 (20) [20-20] 0 ( 0) [  0- 0] 25 ( 2) 1- 3] 
CARROIVG 40 ( 1) [ 1- 1] 25 ( 3) [ 3- 3] 0 ( 0) 0- 0] 
DACGLOVG 20 (10) [10-10] 25 (10) [10-10] 0 ( 0) 0- 0] 
DESELOVG 20 ( 1) [ 1- 1] 25 ( 1) ( 1- 1] 13 ( 3) 3- 3] 




25 ( 1) [ 1- 1] 0 ( 0) 0- 0] 
FESIDAVG 0 ( 0) [ 0- 0] 0 ( 0) [  o- 0] 0 ( 0) 0- 0] 
FESTUCVG 20 ( 3) 
CO CO 0 ( 0) (  o- 0] 25 ( 1) 1- 1] 
GRASS VG 40 (17) [ 3-30] 0 ( 0) [ 0- 0] 25 ( 1) 1- 1] 
LUZCAMVG 0 ( 0) [ 0- 0] 0 ( 0) [ 0- 0] 13 ( 1) 1- 1] 




25 ( 1) [ 1- 1] 13 ( 1) 1- 1] 
PHLPRAVG 20 ( 3) ( 3- 3] 0 ( 0) [  0- 0] 13 ( 1) 1- 1] 
60 (  8)  [  3-10] 50 (  3)  3- 3]  
0 (  0)  [  0- 0]  0 (  0)  0- 0]  
60 (  2)  [  1- 3]  50 (  1)  1- 1]  
0 (  0)  [  0- 0]  0 (  0)  0- 0]  
20 (  3)  [  3- 3]  0 (  0)  0- 0]  
0 (  0)  ( o- 0]  0 (  0)  0- 0]  
0 (  0)  [  0- 0]  25 (  1)  1- 1]  
0 (  0)  [  0- 0]  0 (  0)  0- 0]  
80 (  2)  [  1- 3]  75 (17) 1-30] 
0 (  0)  [  0- 0]  0 (  0)  0- 0]  
80 (14) [  1-50] 75 ( 4) 1-10] 
0 (  0)  [  o- 0]  0 (  0)  0- 0]  
0 (  0)  [  o- 0]  0 (  0)  0- 0]  
0 (  0)  [  0- 0]  0 (  0)  0- 0]  
0 (  0)  [  o- 0]  0 (  0)  0- 0]  
20 (  1)  t  1- 1]  25 (  1)  1- 1]  
0 (  0)  [  0- 0]  25 (  1)  1- 1]  
0 (  0)  [  0- 0]  0 (  0)  0- 0]  
60 (  2)  f  1- 3]  0 (  0)  0- 0]  
20 (40) [40-40] 0 (  0)  0- 0]  
40 (  3)  [  3- 3]  50 ( 6) 1-10] 
0 (  0)  [  0- 0]  25 (  3)  3- 3]  
40 (12) [  3-20] 0 (  0)  0- 0]  
0 (  0)  [  0- 0]  0 (  0)  0- 0]  
40 (  2)  [  1- 3]  25 (  3)  3- 3]  
0 (  0)  [  0- 0]  0 (  0)  0- 0]  
20 (  1)  [  1- 1]  0 (  0)  0- 0]  
0 (  0)  [  o- 0]  50 (  1)  1- 1]  
0 (  0)  [  o- 0]  50 (  1)  1- 1]  
0 (  0)  [  o- 0]  0 (  0)  0- 0]  
0 (  0)  [  o- 0]  0 (  0)  0- 0]  
60 (  1)  [  1- 1]  25 (  1)  1- 1]  
(23) [10-30] 100 (  3)  3- 3]  
(10) [10-10] 0 (  0)  0- 0]  
(  2)  [  1-  3]  50 (  3)  3- 3]  
(  0)  [  0-  0]  0 (  0)  0- 0]  
(  0)  [  0-  0]  0 (  0)  0- 0]  
(  0)  [  0-  0]  50 (  3)  3- 3]  
(  0)  C 0-  0]  0 (  0)  0- 0]  
(  1)  [  1-  1]  0 (  0)  0- 0]  
(  2)  [  1-  3]  100 (  6)  1-10] 
(  0)  [  0-  0]  0 (  0)  0- 0]  
(11) [  1-30] 100 (21) 1-40] 
(  0)  t  0-  0]  0 (  0)  0- 0]  
(  0)  t  0-  0]  0 0) 0- 0]  
(  0)  t  0-  0]  0 0) 0- 0]  
(  0)  [  0-  0]  0 0) 0- 0]  
(  0)  [  0-  0]  0 0) 0- 0]  
(  0)  [  0-  0]  0 0) 0- 0]  
(  0)  [  0-  0]  50 1) 1- 1]  
(10) [10-10] 0 0) 0- 0]  
(11) [  1-20] 0 0) 0- 0]  
(  1)  t  1-  1]  50 1) 1- 1]  
(  6)  [  1-10] 0 0) 0- 0]  
(  2)  [  1-  3]  0 0) 0- 0]  
(  0)  [  0-  0]  0 0) 0- 0]  
(  2)  [  1-  3]  0 0) 0- 0]  
(  3)  [  3-  3]  0 0) 0- 0]  
(  0)  (  0-  0]  0 0) 0- 0]  
(  0)  [  0-  0]  50 1) 1- 1]  
(  0)  [  0-  0]  0 0) 0- 0]  
(  0)  [  0-  0]  0 0) 0- 0]  
(  0)  [  0-  0]  0 0) 0- 0]  


































PQA VG 0 ( 0)[ 0- 0] 25 ( 1)[ 1- 1] 0 ( 0)[ 0- 0] 
***** Forbs * * * * *  
ACHMILVF 40 6) [ 1-10] 0 0) 0- 0] 25 ( 1) 1- 1] 
ACOCOLVF 0 0) t o- 0] 0 0) 0- 0] 0 ( 0) 0- 0] 
ACTRUBVF 0 0) [ 0- 0] 0 0) 0- 0] 0 ( 0) 0- 0] 
ADEBICVF 60 M [ 1-10] 0 0) 0- 0] 25 ( 1) 1- 1] 
ANAMARVF 100 3) ( 1-10] 50 7) 3-10] 63 ( 1) 1- 3] 
ANTLANVF 0 0) [ o- 0] 25 1) 1- 1] 0 ( 0) 0- 0] 
ANTMICVF 0 0) [ o- 0] 25 1) 1- 1] 0 ( 0) 0- 0] 
ANTRACVF 0 0) [ o- 0] 25 1) 1- 1] 0 ( 0) 0- 0] 
APOANDVF 0 0) [ o- 0] 0 0) 0- 0] 0 ( 0) 0- 0] 
AREMACVF 20 1) [ 1- 1] 0 0) 0- 0] 0 ( 0) 0- 0] 
ARNCORVF 0 0) [ o- 0] 0 0) 0- 0] 13 ( 1) 1- 1] 
ARNLATVF 0 0) [ o- 0] 0 0) 0- 0] 25 ( 1) 1- 1] 
ASACAUVF 0 0) [ 0- 0) 0 0) 0- 0] 0 ( 0) 0- 0] 
ASTCONVF 20 1) [ 1- 1] 0 0) 0- 0] 0 ( 0) 0- 0] 
ASTRAGVF 0 0) t o- 0] 0 0) 0- 0] 0 ( 0) 0- 0] 
CALBULVF 0 0) I 0- 0] 0 0) 0- 0] 0 ( 0) 0- 0] 
CAMROTVF 0 0) t o- 0] 0 0) 0- 0] 0 ( 0) 0- 0] 
CARNUTVF 80 12) [ 3-30] 25 1) 1- 1] 25 ( 1) 1- 1] 
CASTILVF 0 0) [ o- 0] 0 0) 0- 0] 13 ( 1) 1- 1] 
CENMACVF 20 1) t 1- 1] 0 0) 0- 0] 0 ( 0) 0- 0] 
CHRLEUVF 0 0) ( o- 0] 0 0) 0- 0] 0 ( 0) 0- 0] 
CIRARVVF 0 0) ( o- 0] 25 1) 1- 1] 0 ( 0) 0- 0] 
CIRVULVF 20 10) [10-10] 0 0) 0- 0] 13 ( 1) 1- 1] 
CLIUNIVF 100 5) ( 1-10] 50 3) 3- 3] 63 ( 7) 1-20] 
COLPARVF 0 0) [ 0- 0] 0 0) 0- 0] 0 ( 0) 0- 0] 
COPOCCVF 100 10) [ 1-30] 75 5) 1-10] 75 ( 3) 1-10] 
CREACUVF 0 0) t 0- 0] 0 0) 0- 0] 0 ( 0) 0- 0] 
DISTRAVF 20 1) t 1- 1] 0 0) 0- 0] 0 ( 0) 0- 0] 
DRAPARVF 0 0) [ 0- 0] 0 0) 0- 0] 0 ( 0) 0- 0] 
EPIANGVF 100 20) [10-30] 100 6) 1-10] 63 (11) 1-20] 
EPIMINVF 80 4) [ 1-10] 25 3) 3- 3] 0 ( 0) 0- 0] 
20 ( 3) [ 3- 3] 0 ( 0)[ 0- 0] 
0 ( 0) 0- 0] 25 ( 1)[ 1- 1] 




0 ( 0) 0- 0] 0 ( 0)[ 0- 0] 
40 ( 1) 1- 1] 0 ( 0)[ o i 
o
 
100 ( 1) 1- 3] 75 ( 4)[ 1-10] 
40 ( 2) 1- 3] 25 ( 3) [ 3- 3] 
0 ( 0) 0- 0] 25 ( 1)[ 1- 1] 
0 ( 0) 0- 0] 25 ( DC 1- 1] 
0 ( 0) 0- 0] 0 ( 0)[ 0- 0] 
0 ( 0) 0- 0] 0 ( 0)[ O 1 
o
 




















20 (10) 10-10] 25 ( l)f 1- 1] 








80 ( 3) 1- 3] 75 (1A) [ 1-30] 




0 ( 0) 0- 0] 25 ( D( 1- 1] 
0 ( 0) 0- 0] 25 ( 1)[ 1- 1] 
0 ( 0) 0- 0] 0 ( 0)[ o 1 
o
 
0 ( 0) 0- 0] 50 ( 7) [ 3-10] 
80 ( 9) 1-20] 75 ( 4)[ 1-10] 
0 ( 0) 0- 0] 25 ( Dt 1- 1] 
60 ( 3) 3- 3] 25 ( l)f 1- 1] 
0 ( 0) 0- 0] 25 ( 1)( 1- 1] 




0 ( 0) 0- 0] 25 ( D( 1- 1] 
100 (17) 1-60] 100 ( 4)[ 1-10] 
0 ( 0) 0- 0] 50 ( 6)[ 1-10] 
(  0) [  0- 0]  0 (  0) [  0- 0]  
(  1)  1- 1]  0 (  0) [  0- 0]  
(  0)  0- 0]  0 (  0)  [  0- 0]  
(  1)  1- 1]  0 (  0) [  0- 0]  
(  1)  1- 1]  0 (  0) [  0- 0]  
(  2)  1- 3]  50 (  1) [  1- 1]  
(  1)  1- 1]  0 (  0) [  0- 0]  
(  0)  0- 0]  0 ( 0) [  0- 0]  
(  0)  0- 0]  0 (  0) [  0- 0]  
(  0)  0- 0]  0 (  0) [  0- 0]  
(  0)  0- 0]  0 (  0) [  0- 0]  
(  0)  0- 0]  50 (  1)1 1- 1]  
(16) 1-30] 50 (  3) [  3- 3]  
(  0)  0- 0]  0 (  0) [  0- 0]  
(  0)  0- 0]  0 (  0) [  0- 0]  
(  0)  0- 0]  0 (  0) [  0- 0]  
(  0)  0- 0]  0 (  0) [  0- 0]  
(  3)  3- 3]  0 (  0) [  0- 0]  
(  7)  3-10] 50 (  1) [  1- 1]  
(  0)  0- 0]  0 (  0) [  0- 0]  
(  1)  1- 1]  0 (  0) [  0- 0]  
(  0)  0- 0]  0 (  0) [  0- 0]  
(  0)  0- 0]  0 (  0) [  0- 0]  
(  1)  1- 1]  50 (  l ) t  1- 1]  
(15) 10-20] 100 (  2) [  1- 3]  
(  0)  0- 0]  0 (  0) [  0- 0]  
(10) 10-10] 100 ( 1)1 1- 1]  
(  1)  1- U 0 (  0) [  0- 0]  
(  0)  0- 0]  0 (  0) [  0- 0]  
(  0)  0- 0]  0 (  0) [  0- 0]  
(23) 10- 40] 100 (  2) [  1- 3]  



































EPIPANVF 80 3) 1-10] 0 ( 0) 0- 0] 13 1) 1- 1] 
FORB VF 20 1) 1- 1] 25 ( 1) 1- 1] 13 1) 1- 1] 
FRAVESVF 20 3) 3- 3] 0 ( 0) 0- 0] 13 1) 1- 1] 
FRAVIRVF 20 1) 1- 1] 25 ( 1) 1- 1] 13 1) 1- 1] 
GALTRIVF 100 7) 1-20] 50 ( 1) 1- 1] 25 1) 1- 1] 
GERBICVF 20 1) 1- 1] 0 ( 0) 0- 0] 0 0) 0- 0] 
GERVISVF 0 0) 0- 0] 0 ( 0) 0- 0] 13 1) 1- 1] 
GOOOBLVF 40 6) 1-10] 0 ( 0) 0- 0] 50 1) 1- 1] 
HABENAVF 0 0) 0- 0] 0 ( 0) 0- 0] 0 0) 0- 0] 
HIEALBVF 100 *) 3-10] 75 (11) 1-30] 88 1) 1- 1] 
ILIRIVVF 0 0) 0- 0] 0 ( 0) 0- 0] 0 0) 0- 0] 
LIGUSTVF 0 0) 0- 0] 0 ( 0) 0- 0] 0 0) 0- 0] 
LINSEPVF 0 0) 0- 0] 0 ( 0) 0- 0] 0 0) 0- 0] 
LISCAUVF 0 0) 0- 0] 0 ( 0) 0- 0] 0 0) 0- 0] 
LISTERVF 0 0) 0- 0] 0 ( 0) 0- 0] 0 0) 0- 0] 
LITHOSVF 0 0) 0- 0] 0 ( 0) 0- 0] 0 0) 0- 0] 
LUPINUVF 0 0) 0- 0] 0 ( 0) 0- 0] 0 0) 0- 0] 
MIMULUVF 0 0) 0- 0] 0 ( 0) 0- 0] 0 0) 0- 0] 
MITBREVF 80 1-10] 50 ( 6) 1-10] 38 M 1-10] 
MITCAUVF 0 0) 0- 0] 0 ( 0) 0- 0] 0 0) 0- 0] 
MITPENVF 0 0) 0- 0] 0 ( 0) 0- 0] 0 0) 0- 0] 
OSMCHIVF 20 1) 1- 1] 0 ( 0) 0- 0] 13 1) 1- 1] 
PEDBRAVF 20 1) 1- 1] 0 ( 0) 0- 0] 0 0) 0- 0] 
PEDRACVF 0 0) 0- 0] 0 ( 0) 0- 0] 25 1) 1- 1] 
PENALBVF 20 1) 1- 1] 0 ( 0) 0- 0] 0 0) 0- 0] 
PHAHASVF 0 0) 0- 0] 0 ( 0) 0- 0] 0 0) 0- 0] 
PLAMAJVF 0 0) 0- 0] 0 ( 0) 0- 0] 0 0) 0- 0] 
POTARGVF 0 0) 0- 0] 0 ( 0) 0- 0] 0 0) 0- 0] 
POTENTVF 0 0) 0- 0] 0 ( 0) 0- 0] 0 0) 0- 0] 
PRUVULVF 0 0) 0- 0] 0 ( 0) 0- 0] 0 0) 0- 0] 
PTEANDVF 0 0) 0- 0] 0 ( 0) 0- 0] 0 0) 0- 0] 
PYRASAVF 60 5) 1-10] 75 ( 5) 1-10] 75 3) 1- 3] 
PYRPICVF 20 1) 1- 1] 0 ( 0) 0- 0] 13 1) 1- 1] 
PYRSECVF 40 1) 1- 1] 50 ( 6) 1-10] 38 7) 1-20] 
40 (  3)  [  3- 3]  0 ( 0) [  0-  0]  
40 ( 1) t  1- 1]  25 (  3)  [  3-  3]  
0 ( 0) [  o- 0]  25 (10) [10-10] 
20 ( 1) (  1- 1]  0 ( 0) [  0-  0]  
20 (  3)  t  3- 3]  25 (10) [10-10] 
40 (20) [20-20] 75 ( 7) [  1-10] 
0 ( 0) [  o- 0]  0 ( 0) [  0-  0]  








80 (  2) [  1- 3]  75 ( 4) [  1-10] 




0 ( 0) [ 0- 0]  0 ( 0) [  0-  0]  






























20 ( 1) [  1- 1]  75 ( 4) [  1-10] 
0 ( 0) [ 0- 0]  25 (10) [10-10] 
0 ( 0) [ 0- 0]  0 ( 0) [ 0- 0]  
0 ( 0) [ 0- 0]  0 ( 0) (  0-  0]  
20 ( 1) [ 1- 1]  0 ( 0) [ 0- 0]  
0 ( 0) [ 0- 0] 0 (  0)  [ 0- 0]  
0 ( 0) [ 0- 0]  0 (  0)  [  0-  0]  
0 ( 0) ( 0- 0]  0 (  0)  [  0-  0]  
0 ( 0) t  0- 0]  25 ( 1) [ 1- 1]  
0 ( 0) [ 0- 0]  25 ( 1) [ 1- 1]  












80 (  2) t  1- 3]  50 (  6)  [  1-10] 




0 ( 0) [ 0- 0] 50 ( 1) [  1-  1]  
( 3) [ 3- 3] 50 1) 1- 1] 
( 0) ( 0- 0] 0 0) 0- 0] 
(10) [10-10] 50 1) 1- 1] 
( 0) [ 0- 0] 50 1) 1- 1] 
( 3) [ 3- 3] 0 0) 0- 0] 
( 0) t 0- 0] 0 0) 0- 0] 
( 0) [ 0- 0] 0 0) 0- 0] 
( 0) [ 0- 0] 50 1) 1- 1] 
( 0) [ 0- 0] 0 0) 0- 0] 
( 5) [ 1-10] 0 0) 0- 0] 
( 0) t 0- 0] 0 0) 0- 0] 
( 0) t 0- 0J 0 0) 0- 0] 
( 0) [ 0- 0] 0 0) 0- 0] 
( 0) [ 0- 0] 0 0) 0- 0] 
( 0) t 0- 0] 0 0) 0- 0] 
( 0) t 0- 0] 0 0) 0- 0] 
( 0) [ 0- 0] 0 0) 0- 0] 
( 0) [ 0- 0] 0 0) 0- 0] 
( 3) t 3- 3] 0 0) 0- 0] 
( 0) [ 0- 0] 0 0) 0- 0] 
( 0) [ 0- 0] 0 0) 0- 0] 
( 1) [ 1- 1] 0 0) 0- 0] 
( 0) ( 0- 0] 0 0) 0- 0] 
( 1) [ 1- 1] 0 0) 0- 0] 
( 0) [ 0- 0] 0 0) 0- 0] 
( 0) [ 0- 0] 0 0) 0- 0] 
( 0) ( 0- 0] 0 0) 0- 0] 
( 0) [ 0- 0] 0 0) 0- 0] 
( 0) [ 0- 0] 0 0) 0- 0] 
( 0) [ 0- 0] 0 0) 0- 0] 
( 0) t 0- 0] 0 0) 0- 0] 
( 1) t 1- 1] 100 2) 1- 3] 
( 0) [ 0- 0] 0 0) 0- 0] 





































RUDOCCVF 0 0)[ 0- 0] 0 ( 0) 0- 0] 0 ( 0)[ 0- 0] 




 0 ( 0)[ 0- 0] 




0 ( 0)[ 0- 0] 
SMIRACVF 20 Dt 1- D 25 ( D 1- 1] 25 ( Dt 1- 1] 
SMISTEVF 0 0)[ 0- 0] 25 ( D 1- 1] 25 ( 3) [ 3- 3] 
SOLCANVF 40 Dt 1- 1] 0 ( 0) 0- 0] 38 ( 2) [ 1- 3] 
STRAMPVF 0 o>r 0- 0] 0 ( 0) 0- 0] 25 ( Dt 1- 1] 
TANVULVF 0 0)[ 0- 0] 0 ( 0) O I 
o
 0 ( 0)[ 0- 0] 
TAROFFVF 40 Dt 1- 1] 25 (10) 10-10] 0 ( 0)[ 0- 0] 
THAOCCVF 20 Dt 1- 1] 25 ( 1) i- i] 0 ( 0)[ 0- 0] 
TIATRIVF 80 Mt 1-10] 75 ( 5) 1-10] 63 ( Dt 1- 3] 
TRADUBVF 20 Dt 1- 1] 25 ( 1) 1- 1] 0 ( 0)[ 0- 0] 
TRIAGRVF 0 0)t 0- 0] 0 ( 0) O I O 13 ( Dt 1- 1] 
TRIFOLVF 20 Dt 1- D 25 (30) 30-30] 0 ( 0)[ 0- 0] 
TRIOVAVF 40 6)[ 1-10] 25 ( 1) 1- 1] 25 ( Dt 1- 1] 




13 ( Dt 1- 1] 




0 ( 0)[ 0- 0] 
VERTHAVF 0 0)[ 0- 0] 25 ( 1) 1- 1] 13 ( 3)[ 3- 3] 




0 ( 0)[ 0- 0] 
VIOLA VF 0 0)t 0- 0] 0 ( 0) 0- 0] 0 ( 0)[ 0- 0] 
VIOORBVF 40 6)[ 1-10] 100 ( 3) 1-10] 50 ( Dt 1- 1] 
XERTENVF 40 Dt 1- 1] 100 (13) 3-20] 88 (15) [ 1-60] 
***** Ferns 
ATHFILVE 0 0)[ 0- 0] 0 ( 0) 0- 0] 13 ( 3) [ 3- 3] 
DRYFILVE 0 0)[ 0- 0] 0 ( 0) 0- 0] 0 ( 0)[ 0- 0] 
EQUARVVE 0 0)[ 0- 0] 0 ( 0) 0- 0] 0 ( 0)[ 0- 0] 




25 ( 7)[ 3-10] 
LYCANNVE 0 0)[ 0- 0] 0 ( 0) o 1 
o
 0 ( 0)[ 0- 0] 




 0 ( 0)( 0- 0] 
PTEAOUVE 0 0)t 0- 0] 25 ( 1) 1- 1] 13 ( Dt 1- 1] 




0 ( 0)[ 0- 0] 
0 ( 0) 0- 0] 25 ( D t 1- 1] 
0 ( 0) 0- 0] 25 ( 3) t 3- 3] 
0 ( 0) 0- 0] 0 ( 0) t 0- 0] 
0 ( 0) 0- 0] 0 ( 0) t 0- 0] 
40 ( 1) 1- 1] 0 ( 0) t 0- 0] 
20 ( 1) 1- 1] 0 ( 0) t 0- 0] 
20 ( 1) 1- 1] 0 ( 0) t 0- 0] 
0 ( 0) 0- 0] 0 ( 0) t 0- 0] 
60 ( 1) 1- 1] 25 ( 1) t 1- 1) 
20 ( 1) 1- 1] 25 ( 1) t 1- 1] 
60 ( 2) 1- 3] 25 (10) £ 10-10] 
20 ( 1) 1- 1] 25 ( 1) t 1- 1) 
0 ( 0) 0- 0] 0 ( 0) t 0- 0] 
20 ( D 1- 1) 25 ( 1) t 1- 1] 
40 ( 1) 1- D 25 (10) [10-10] 
0 ( 0) 0- 0] 0 ( 0) t 0- 0] 
0 ( 0) 0- 0] 0 ( 0) t o- 0] 
40 ( 1) 1- 1] 50 ( 2) t 1- 3] 
0 ( 0) 0- 0] 0 ( 0) t 0- 0] 
0 ( 0) 0- 0] 0 ( 0) t 0- 0] 
40 ( 1) 1- 1] 0 ( 0) t 0- 0] 
100 ( 8) 1-30] 100 (12) [ 3-30] 
40 ( 1) 1- 1] 0 ( 0) t 0- 0] 
0 ( 0) 0- 0] 0 ( 0) t 0- 0] 
0 ( 0) 0- 0] 0 ( 0) t 0- 0] 
40 ( 1) 1- 1] 0 ( 0) t 0- 0] 
0 ( 0) 0- 0] 0 ( 0) ( 0- 0] 
0 ( 0) 0- 0] 0 ( 0) t 0- 0] 
20 ( 1) 1- 1] 0 ( 0) t 0- 0] 
0 ( 0) 0- 0] 0 ( 0) t 0- 0] 


















(  2)  t  1- 3] 50 ( 1) [ 1- 1] 
(10) i o 









( 0) t  o- 0] 0 ( 0) o 1 
o
 
( 1) t  1- D 50 ( 1) t 1- 1] 





( 3) t  3- 3] 50 ( 3) [ 3- 3] 








( 0) t  o- 0] 0 ( 0) o
 • o
 
( 1) t  1- 1] 50 ( 1) [ 1- 1] 


























(  2)  t  1- 3] 50 (10) [10-10] 




( 0) [ 0- 0] 50 ( 1) [ 1- 1] 
( 0) t  o- 0] 0 ( 0) o 1 
o
 
( 3) t  3- 3] 50 ( 1) [ 1- 1] 




( 1) t  1- 1] 0 ( 0) [ 0- 0] 
( 1) t  1- 1] 50 ( 3) t  3- 3] 






















































MARPOLNL 0 ( 0)[ 0- 0] 0 ( 0)[ 0- 0] 0 ( 0)[ 0- 0] 










MOSS NM 80 ( 6)[ 1-10] 100 <13)[ 3-30] 88 ( 3)[ 1-10) 




0 ( 0)[ 0- 0] 0 ( 0)[ 0- 0] 
POLYTRNM 0 ( 0)t 0- 0] 0 ( 0)[ 0- 0] 13 (30)[30-30] 
0 ( 0)[ 0- 0] 0 ( 0)[ 0- 0] 0 ( 0)[ 0- 0] 0 ( 0)[ 0- 0] 
0 ( 0)[ 0- 0] 0 ( 0)[ 0- 0] 0 ( 0)[ 0- 0] 0 ( 0)[ 0- 0] 
0 ( 0)[ 0- 0] 0 ( 0)[ 0- 0] 0 ( 0)[ 0- 0] 0 ( 0)[ 0- 0] 
20 ( 3)[ 3- 3] 25 ( 1)[ 1- 1) 0 ( 0)[ 0- 0] 0 ( 0)[ 0- 0] 
60 ( 7)[ 1-20] 75 <14)[ 3-30] 67 ( 3)[ 3- 3] 50 (20)[20-20] 
0 ( 0)[ 0- 0] 0 ( 0)[ 0- 0] 0 ( 0)[ 0- 0] 0 ( 0)[ 0- 0] 
20 (20)[20-20] 0 ( 0)[ 0- 0) 33 (20)[20-20] 0 ( 0)[ 0- 0] 
4* 
O 
